Reactions of Trans-trichlorooxobis(triphenylphosphine)Rhenium(V) by Swar, Sujit Kumar
South Dakota State University 
Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange 




Sujit Kumar Swar 
Follow this and additional works at: https://openprairie.sdstate.edu/etd 
Recommended Citation 
Swar, Sujit Kumar, "Reactions of Trans-trichlorooxobis(triphenylphosphine)Rhenium(V)" (1986). Electronic 
Theses and Dissertations. 4424. 
https://openprairie.sdstate.edu/etd/4424 
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 
REACT IONS OF  
TRANS- TRICHLOROOXOB I S ( TRI P�ENYLPHOS P H I NE ) RH EN I UM ( V ) 
By 
SUJ IT  KUMAR SWAR 
A thes i s  s u bmi tted i n  
pa rtia l fu l fi l l ment of the requ i rements 
for the degree Ma ster o f  Sc i ence , 
Major  i n  Chemi stry 
South Da kota State Un i ve rs i ty 
1986 
REACTI ONS OF  
TRANS-TRI CHLOROOXOB I S ( TR IPHENYLPHOSPH I NE ) RHEN I UM ( V ) 
Th i s  thes i s  i s  approved as a credi tabl e and  i ndependent 
i nvest i gat i on by a candi date for the degree , Ma s ter of Sci ence , and i s  
acceptabl e for meet i ng the thes i s requ i rements for th i s degree . 
Acce ptance o f  thi s thes i s does not i mp ly that the conc l us i ons reached 
by the candi da te are neces sari l y  the concl us i ons  of th e maj or 
department . 
Dr. Henry B€hrke , J r .  7 
Thes i s  Advi ser 
Dr . Davi d C .  H i l de rbrand 




The o bj ecti ve of th i s  study was to i nves t i ga te the s ol vent 
i nteracti ons  of  trans -tri ch l orooxob i s ( tri p henyl p hosph i ne ) rhen i um ( V )  i n  
a cont i nuati on o f  studi es i nto the poss i bl e  use  o f  organorhen i um 
compounds a s  homogeneous catal ysts . The goa l  was a c h i eved by us i ng 
sea l ed tube react i ons  unde r h i gh tempera ture con di t i ons . The same 
reacti ons were a l so ca rri ed out unde r re fl ux  condi t i ons  u nde r dry 
d i n i trogen fo r compa ri son pu rposes . 
As a res u l t of th i s  wo rk , i t  wa s fo und that  trans -tri ch l oro­
oxob i s ( tri phenyl phos p h i ne ) rhen i um ( V ) wi t h  ch l orofo rm produced a 
vari ety of  p roducts at  h i gh tempera ture i n  sea l ed tube reacti ons.  
When reagent grade ch l oroform was used tetrach l o rob i s ( tri p heny l ­
phos ph i neo xi de ) rhen i um( I V ) and tetrac h l o rob i s ( tri p henyl p hosph i ne ) ­
rhen i um ( IV )  were produced . When rea gent grade ch l oroform and excess  
tri p henyl p hosph i ne were used , b i s ( methyl tri phenyl p ho spho n i um ) hexa ­
chl ororhenate ( IV )  was produced . I n  the refl ux reacti on wi th reagent 
grade ch l oroform di ch l oro ( ethoxy )oxo bi s ( tri phenyl phosph i ne}rhen i um( V ) 
wa s produced as major  product , whi l e  i n  pres ence o f  added tri phenyl ­
phosph i ne an un i denti fi ed prod uct was fo rme d .  
When dry , ethanol -free ch l oroform , added tri phenyl pho s ph i ne 
and trans -tri ch l orooxobi s ( tri phenyl phos ph i ne ) rhenium ( V )  reacted , three 
products were produced i n  the seal ed tube react i on .  Ten ta ti ve form­
u l at i ons  a re su ggested but req u i re fu rther work  before a pos i t i ve 
i 
fo rmu l ati on can be made . Under refl ux condi t i on trace amo unts o f  
tetrach l orob i s ( t ri phenyl phosph i ne ) rhen i um ( I V ) and  tetrach l o robi s ( tri ­
pheny l phos ph i neoxi de ) rhen i um ( I V ) were p roduced . 
Trans -tri c h l orooxobi s ( tri phenyl p hosph i ne ) rhen i um ( V ) w i th 
tol uene i n  the s ea l ed tube react i on p roduced a compound  conta i n i n g  co ­
ordi nated  tri p henyl phosph i ne and t ri phenyl p hosph i ne ox i de ,  wh i ch 
decomposes upon bo i l i n g  wi th methyl ene ch l ori de , u nder refl u x  co ndi ­
t i ons , a po l ymer i c form of  tri c h l orotri phenyl p ho s p h i nerhen i um ( I I I ) was 
produced . I n  the sea l ed tube reacti on , wi th  a dded tri p henyl phosp i ne a 
mi xture of organ i c  p roducts were formed a l ong  wi t h  a pol ymeri c  form of 
tr� chl orotri phenyl p hosph i nerhen i um ( I I I ) . 
Trans - tri ch l o roo xob i s ( tr1phenyl phos phi ne ) rhen i um ( V ) wi th dry ,  
pure acetone i n  the seal ed tube reacti on produced a coo rdi nated  
acetone complex a l on g wi th an u ni denti fi ed product . Under refl ux 
condi t i ons , a compound conta i n i ng coordi na ted tri pheny l p ho s p h i ne and 
tri phenyl p hosp h i ne oxi de was produced .  
Trans -tri c h l o rooxob i s ( tri phenyl p hos p h i ne ) rhen i um ( V ) wi th · 
acetone i n  the s ea l ed tube wi th added tri phenyl p hosph i ne produced a 
po l ymeri c form o f  tr i ch l o rotri phenyl phosph i ne rhen i um ( I I I ) , wh i l e  there 
i s  no reacti on unde r refl u x  cond i ti ons . 
Tran s -tri ch l o rooxobi s ( tri p henyl p hosp h i ne ) rhen i um ( V ) w i th 
2- bu ta none i n  the s ea l ed tube reacti on produces tri ch l o rotri p henyl ­
phos ph i neoxi derhen i um ( I I I ) al ong  wi th un i denti fi ed p roducts . Under  
refl ux condi t i o n s , a compou nd conta i n i ng coord i nated tr i phenyl phos -
. p h i ne and tri phenyl phosph i ne o xi de i s  fo rmed . 
i i 
Tran s -tri ch l orooxob i s ( tri phenyl phosp h i ne ) rhen i um ( V ) wi th 
2-butanone i n  the sea l ed  tube w i th added tri phenyl p hos p h i ne produces a 
po l yme ri c form of  tri chl orotri phenyl phosph i nerhen i um ( I I I ) .  There i s  
no react i on unde r  re fl ux condi t i ons . 
Trans- tri ch l o rooxo b i s ( tri phenyl phosph i ne ) rhen i um ( V ) wi th 
ca rbon tetrac h l ori de i n  the sea l ed tube forms tetrach l o rob i s ( tri ­
pheny l phos p h i neoxi de ) rheni um( I V ) but wi th  a dded tri p henyl p ros phi ne an  
un i dent i f i ed compound i s  fo rmed a l ong wi th tri phenyl pho s p h i ne oxi de .  
i ;  i 
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I NT RODUCT I ON ( HI STORI CAL ) 
1 .  Reasons  for Usage of Terti a ry Pho sph i nes : 
1 
S i nce the earl y 1 960's con s i derabl e i nvest i ga t i ons have been 
ca rri ed  out  on te rti a ry p hos p h i ne compl exes . Tert i a ry phosph i ne s  a re 
good s tab i l i z i n g  l i gands fo r metal -hydrogen , metal -carbon and  meta l ­
o l efi n bonds . They are extreme l y  versat i l e  i n  the i r a b i l i ty to 
s tab i l i ze meta l s  i n  a wi de vari ety of  oxi dat ion states . They are a l so 
abl e to i nfl uence the acti v i ty ,  se l ecti v i ty and stabi l i ty o f  a system 
by va ry i n g  the s ubst i t uent groups of the p hosphorus . 
At the present t ime tert i a ry p hosph i ne comp l e xes a re recei v i ng 
cons i derabl e a ttent i on from chemi s ts i nteres ted i n  vari at ions  of 
coo rdi nati on n umber a nd sterochemi s try i n  coordi nat i on compounds , as 
model s for b i ol ogi cal  oxygen transport , di n i trogen fi xat i on and a s  
homogeneous cata lysts  i n  o rgan i c  reacti ons (1 ) . 
2. · Current I nte rest  i n  Oxo-Transfer  Rea ct i o n : 
One of the recent uses o f  te rti a ry phosp h i ne comp l exes  i s  i n  
the s tudy of  b i ol ogi cal  model sys tems such a s  mo l ybden um hydro xyl a ses . 
The s i gn i fi cance of oxygen atom transfer reacti on s  effected by trans i ­
t i on el ement . compounds deri ves i n  l a rge mea su res from cata l ys i s  by 
mol ybdenum hydroxy l ases  (2) . 
MoO�+ an d Mo03+ s pec i es have frequent ly  been cons i de red as  
model s of  enzyme reacti ons and cata l yti c s i tes . Ba rra l  et . a l . ( 3 ) 
2 
observed a reacti on i n  thei r devel opment of a system for the  cata l ytic 
a i r  ox i dat i on of  tri p henyl phos ph i ne .  The i r  observed rea ct i ons a re :  
Mo02 ( s2 CNEt2) 2 + PPh3 � MoO ( S2CNEt2) 2 + OPPh3 
Mo02 ( s2 CNEt2) 2 + 
MoO ( S2CNEt2) 2 ') Mo203 ( s2CNEt2) 4 
Here oxygen atom tran sfe r  ta kes pl ace w i th the s ubstrate be i n g  
tri phenyl p hosph i ne .  Th i s  g i ves  a promi nent examp l e o f  enzymes  that 
catal yze the ox i da t i on or reduct i on of sub strate s i n  two-el ectron 
processes . 
3 .  Phos phorus Y l i de s : 
Trip henyl p hosph i ne wi th  ca rbon tetrach l ori de has  found  wi de-
s pread u se as a rea gent fo r convers i on of a l cohol s i nto corres pond i ng 
ha 1 i de s ( 4 ) . 
Ph3P + CC1 4 � [ Ph 3P





Ph3PO + RCl ( [ Ph3POR]
+Cl - + CHC1 3 
Th is rea ct i on a l so occurs i n  a wide va ri ety of  a l dehydes and ketones 
under rel a t i ve l y  mi l d  cond i t i on s  due to the h i gher n uc l eoph i l i c i ty of 
phos phona te ca rban i on s , e . g .  
Phos phorus yl i de s  a re wi de l y  used in organ i c  synt het i c  react i ons (5) . 
4 .  Ortho-meta l l at i on Reactions : 
Ortho-meta l l ation i s  one type of cyc l ometa l l at i on  react i on .  
Ortho-meta l l at i on oc curs mo st  frequentl y wit h tri phenyl p hosphine 
3 
or triphenylphosphite complexes. It occurs by formal oxidative addi­


















Here an ortho C-H bond of a triphenylphosphine ligand adds to the 
Ir { l ) atom affording the cyclometallated Ir (III ) hydride complex. 
5. Interest in Homogeneous Catalyst: 
H 
H 
Another important use of triphenylphosphine complexes is in 
the field of homogeneous catalysts. Research work in the industrial 
laboratories in 1950's showed that many simple rhodium complexes 
catalyze many organic reactions under very mild conditions. Despite 
their high reactivity, the simple rhodium compounds are not attractive 
because they give mostly branched aldehydes. It was later found that 
the addition of phosphorus ligands such as triphenylphosphine gave an 
active catalyst with excellent selectivity for formation of desired 
1 i near a 1 de hydes .. This modified rhod i urn techno 1 ogy was put in c o m­
mercial production first by Union Carbide in the year 1976. An 
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6. General Discussion of Rhenium-Triphenylphosphine Chemistry: 
4 
Since the early 196o•s much research has been related to 
rhenium tertiary phosphine chemistry. At present chemists are mainly 
interested in rhenium as another transition metal of variable valency 
states. Chemically rhenium and its compounds are most efficient 
catalysts, for hydrogenation, dehydrogenation, isotopic exchange and 
even oxidation reactions. Rhenium has been added to the short list of 
transitional metals whose complexes can activate C-H bonds in alkanes 
to produce stable hydrido (alkyl) metal complexes. 
In the early 1960's considerabl� investigation was done on the 
tertiary phosphine complexes of rhenium. At that time Wilkinson and 
co-workers (8) gave some information on reaction of rhenium tri­
chloride with phosphorus, nitrogen, sulfur and oxygen ligands. 
5 
In 1960, Freni and Valenti (9) (10) gave some infonmation on 
the triphenylphosphine complexes of rhenium. In the years 1963 and 
1964 Chatt and co-workers (11)(12)(13) re-investigated some of the 
previous work (8)(14) . Their work has extended the area of tertiary 
phosphine complexes of rhenium. The complex trichlorobis(triphenyl­
phosphine)rhenium( I I I),  [ReCl3(PPh3)2] prepared by Freni and Valenti 
has been shown by Chatt and Rowe (13) and Wilkinson and Lock ( 16) to 
be incorrectly formulated. Using the same method, Chatt and Rowe have 
prepared the compound trichlorooxobis(triphenylphosphine)rhenium(V), 
[ReOC13(PPh3)2]. This formulation was based on the elemental analysis 
and infrared spectrum. A strong infrared absorbtion band in the 
958 -985 cm
-1 region (12) indicated the presence of a Re=O bond. 
Among all the formulated triphenylphosphine compounds of 
rhenium, one of the most useful is trans-trichlorooxobis(triphenyl­
phosphine)rhenium(V), [ReOC13(PPh3)2]. This compound is found to be a 
good starting material for studies of the coordination chemistry of 
rhenium. This compound may exist in thr�e different isomers. ·The 
trans-configuration is shown in Fig. -1. 







Trans -tri ch l o rooxobi s ( tr i phenyl p hosph i ne ) rhen i um ( V ) , 
ReOC1 3 ( PPh3 ) 2 was pre pared by bo i l i n g  i n  ethanol , a mi xture of 
ammon i um perrhenate , tri phenyl phosph i ne and concentrated hydroch l ori c 
aci d .  
The other two i some rs o f  tri ch l orooxob i s ( tr i phenyl pho sph i ne )  
rhen i um ( V) ReOC13 ( PPh3 ) 2 were re portedl y  made by the fo l l owi n g  
react i on s  ( 1 6 ) : 
REFLUX 
1 .  trans - ReOC 1 3 ( PPh3 ) 2 --------�,_� c i s - ReOC13 ( PPh3 ) 2 Acetone 
REFLUX 
Di pol e moments  of these i somers have not been determi ned , so t he 
ass i gnment  of the co rrect c i s -structure rema i ns unre so l ved . The 
compounds a re thought to be i somers beca u se the el ementa l ana l ys i s  i s  
con s i stent fo r the structu re . I n  addi t i on ,  the rhen i um-oxygen 
stretch i ng frequency i s  s h i fted from 969 cm-1 i n  the  trans  i somer to 
981 cm- 1 for the product  of react i on 1 an� to 985 cm- 1 fo r the product 
of react i on 2 .  
I n  1964 J.  Chatt , J . D. Garfo rt h , N . P . Jo hn son and G . A .  Rowe 
( 11)  prepared some comp l exes of d i et hyl p henyl p hosph i ne and  tri phenyl ­
phos pi ne o f  the type [ ReX4 ( PR3 ) 2J, X= Cl 
l -, o r  Br1- by ( a )  ox i dati on 
of  compl exe s of  the type [ Re X3 ( PR3 ) 2J by x2 or  reduct i on of 
[Reox3 ( PR3 ) 2] in  H X .  L i gand  di spl acement prov i des a conven i ent  
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prepa rat i on of the otherwi se d i ffi cu l t to obta i n  tri a l kyl and· tert i a ry 
a l kyl p hosph i ne a nd a rs i ne compl exes of the type [ReOC1 3 ( MR3 ) 2 ] ( M  = P 
or As ) from the rea d i l y  ava i l a bl e  trans - [ ReOC1 3 ( PPh3 ) 2 ] .  The scope of 
th i s d i s pl acemen t  reac t i on has  not been i nvest i gated thoroug h l y  but  i t  
proba bl y ha s wi de appl i cat i on .  
Tra n s-tri ch l o rooxob i s ( tri phenyl phos ph i ne ) rhen i um ( V ) , trans­
[ ReOC 1 3 ( PPh3 ) 2 ] can  be prepared in  good yi el d  from sod i um perrhenate , 
tri phenyl pho sp h i ne and  hydroch l ori c ac i d  i n  bo i l i n g  etha nol  i n  l es s  
than  ha l f a n  hour ( 1 3 ) . The a l i phati c terti a ry p hos p h i nes  react  very 
s l owl y ,  e . g .  triethyl p hosphi ne req u i res 40 hours a nd the  yi e l ds  are 
poor .  Neverthel e s s , the tr ia l kyl and te rt i a ry a l kyl pho s ph i n es readi l y  
d i spl ace the tri phenyl phos ph i ne from trans -[ ReOC1 3 ( P Ph3 ) 2 ] i n  benzene 
at
.
20°C ,  thus prov i d i ng a ve ry con ven i ent rou te for p re pa rat i on of the 
a l i phat i c  ana l og ue s .  
A number o f  other rhen i um compl exes can b e  p repa red di rectl y 
from tran s - [ ReOC1 3 ( PPh 3 ) 2] .  As an exampl e ,  i t  reacts wi th  pyr i d i ne to 
produce [ Re02Py4 ] Cl ( 1 7 ) .  
Al koxy compl exes ReO ( O R ) X2 ( P Ph3 ) 2 can be  prepa red by t he 
react i on of an a l cohol w i th tran s - ReOX3 ( PPh3 ) 2 ( 1 6) .  The ease  of 
formati on of  the a l koxy.comp l ex depends upon X .  When X= I ,  mere l y  
wa s h i n g  ReO I 3 ( PR3 ) 2 wi th ethanol i s  s u ffi c i ent t o  convert i t  to 
[ Re0 ( 0Et ) I 2 ( PR3 ) 2 ] but 
when X= Cl , the compound must  be refl uxed wi th 
etha nol  for about two hours fo r compl ete react i on .  
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When trans -tri c h l orooxobi s ( tri phenyl phosph i n e ) rhen i um ( V )  i s  
treated w ith  tri phenyl phos p h i ne i n  bo i l i ng aceton i tri l e  
ReC1 3 ( P Ph3 ) 2 ( MeCN ) i s  obta i ned a l ong  w i t h  tri phenyl phos ph i ne ox i de 
(18 ) . Here tr i phenyl pho s phi ne reduces t he r henium oxo compound . Th i s  
i s  a n  examp l e o f  abstract i on o f  oxygen by tri phenyl p ho sp h i ne fo rm i ng 
tri phenyl phosp h i ne ox i de .  
I n  p resence of i nert sol vent l i ke benzene , HCl gas  rea cts (16 )  
wi th  trans -ReOC13 ( P Ph3 ) 2 to produce [ PPh3H ] [ ReOC1 4PPh3]. Th i s  i s  an  
exampl e  whe re HC l ga s i nteracts wi th  d i s soc i ated tri phenyl pho s ph i ne .  
By react i on o f  trans - [ ReOX3 ( PPh3 ) 2 ] w i th  ca rboxyl i c  a c i ds , 
Rousc h i as and Wi l ki nson (19 )  obta i ned a seri es  of products conta i n i ng 
RC002 g roups .  Two of  wh i ch have been recent l y  c ha racter i z ed by X-ray 
methods .  The RC002 mo i ety behaves as  a b r i dgi n g  g roup  i n  
[ Re2 0C15 ( EtC02 ) ( P Ph3 ) 2J and  [ Re2 oc3 ( EtC02 ) ( PPh3 ) 2 ] .  
Gehrke et . a l . ( 20 )  have obta i ned the unusua l  ( DOPT) 2 ReC16 
( DOPT = MeCOCH2CMe2 PPh3 ) by the react i on o f  [ ReOC13 ( P Ph 3 ) 2 ] w i th 
HCl ( g} i n  acetone or  from rhen i um ( V ) c hl or i de a nd tri phenyl phosph i ne i n  
acetone ( 2 1 ) .  The react i on of rhen i um ( V) ch l or i de w i th tr i phenyl phos­
p h i ne g i ves  a number of other products dependi n g  upon the sol vent and  
the  cond i t i on s  used , i nc l ud i ng ( DOPT ) 2 Re2cl 8 , [ ReOC13 ( PPh3 ) 2J and  
[ ReC14 ( PPh3 ) 2 ] .  
A s umma ry of the react i ons  of trans -tri ch l orooxobi s ( tr i phenyl ­




Benzene> Re0Cl3(PR3)2 ref. (13) 
(ii) trans-ReOC13(PPh3)2+Py 
EtOH)[Re02Py4]Cl ref. (17) 
(iii) trans-ReOC13(PPh3)2+ROH 
Benzene� ReO(OR)Cl2(PPh3)2 ref. (16) 
( iv) trans-ReOC13(PPh3)2+PPh3 
MeCN > trans-ReC13(MeCN) (PPh3)+0PPh3 
ref. ( 18) 
(v) trans-ReOC13(PPh3)2+HCl 







(vii) trans-ReOC13(PPh3)2+PEt3�ReOC13(PEt3)2 ref. (16) 
(viii) trans-ReOC13(PPh3)2+s2CNEt� Et2NCS2Re(O)-O-Re(O)S2CNEt2 
ref. (25) 




7. Discussion of Sealed Tube Reactions: 
Leitheiser (22) and Holm (23) have noted the importance of the 
solvent and the effects of its purity on reactions of ReOC13(PPh3)2 at 
-temperature above the boiling point of the solvent. Reactions in 
sealed tubes are of interest because the higher temperatures and 
pressures which are produced can lead to novel compounds. Corrigan 
et. al. (24) indicated that at high temperature rhenium acts as a 
catalyst. 
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Gehrke (27), Leitheiser (22) and Holm (23) have described the 
reaction between reagent grade chloroform and ReOC13(PPh3)2. They 
found that two products, tetrachlorobis(triphenylphosphine)rhenium(IV) 
ReC14(PPh3)2 and tetrachlorobis(triphenylphosphineoxide)rhenium(IV) 
ReC14(0PPh3)2 were formed. 
Leitheiser (22) studied the effects of temperature and period 
of heating on the reaction. He reported an increase in the percent 
yield of tetrachlorobis(triphenylphosphine oxide)rhenium(IV) with 
increase in period of heating. Leitheiser (22) has considered the 
source of oxygen necessary to produce the amount of triphenylphosphine 
oxide required for the complex. He suggested the oxygen sources to be 
dissolved dioxygen, water or the ethanol stabilizer present in reagent 
grade chloroform. These sources were in addition to the oxygen 
abstracted from ReOCl-3(PPh3)2, by triphenylphosphine. 
Trans-trichlorooxobis(triphenylphosphine)rhenium(V) with 
reagent grade chloroform produces ReO(OEt)Cl2(PPh3)2 under reflux 
conditions. Leitheiser (22) and Holm (23) used excess triphenyl­
phosphine in an attempt to increase the yield of tetrachlorobis(tri­
phenylphospine)rhenium(IV) in the sealed tube reaction. Interest­
ingly, this reaction produced bis(methyltriphenylphosphonium)hexa­
chlororhenate(IV) and a small amount of tetrachlorobis(triphenylphos­
phine)rhenium(IV). 
When the reaction between trans-trichlorooxobis ( triphenyl­
phosphine ) rhenium ( V ) with pure chloroform was carried out in the 
presence of added triphenylphosphine, several unidentified compounds 
were isolated in addition to a product identified by Leitheiser as 
[Ph3PCHC12]ReC150PPh3 and by Holm as [Ph3PCHClPPh3]ReC16. 
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Leitheiser ( 22 ) has reported that trans-trichlorooxobis ( tri­
phenylphosphine ) rhenium ( V ) with acetone in sealed tube reaction 
produced dichlorotris ( triphenylphosphineoxide ) acetonerhenium ( I I). 
This compound was isolated by passing the mother liquor through an 
acid washed alumina column. Then the green solution was concentrated 
and allowed to stand for two weeks. Large, dark blue crystals were 
isolated. Repeated attempts by Holm (23 ) to reproduce this compound 
were unsuccessful. 
The reaction of trans-trichlorooxobis ( triphenylphosphine­
oxide ) rhenium ( V ) with 2-butanone was carried out by Leitheiser ( 22 ) and 
Holm (23 ) . The results of this reaction showed that blue tri­
chloro ( triphenylphosphineoxide ) rhenium ( I I I) was fanned together with 
traces of tetrachlorobis ( triphenylphosphine ) rhenium ( IV ) and an un­
identified green material which was found only in low yield. It was 
also found that the reagent from one source behaved differently than 
from another. 
Further work is needed to clear up the differences between 
Leitheiser ( 22 ) and Holm ( 23}, to isolate and formulate the unidenti­
fied compounds and to relate the reactions carried out at reflux 
temperature to those reactions carried out in the sealed tube. 
Finally additional work needs to be carried out on other solvent 
systems. 
8 .  The Use of Infrared Spectrum to Identify Triphenylphosphine and 
Triphenylphosphine Oxide Complexes: 
12  
The infrared spectrum is an important tool in distinguishing 
between the presence of coordinated triphenylphosphine and coordinated 
triphenylphosphine oxide. Although many of the bands can be attri­
buted to phenyl modes the areas between the 1 2 00 cm-1 and 1 050 cm-1 
and between 800-70 0  cm-1 contain bands which arise from bonding of the 
ligand to a metal ion (Phosphorus-metal linkages in triphenylphosphine 
complexes and oxygen-metal linkages in triphenylphosphine oxide 
complexes). 
Research work was carried out by Haas ( 2 6 )  at the South Dakota 
State University, to definitively assign the bands in the 1200-1050 
cm-1 and 800-700 cm-1 regions. Her work also proved that the inten­
sity of the bands relative to adjacent bands varied in different types 
of complexes. 
Haas ( 26 )  observed that strong bands between 1 115 and 1 1 20 
cm-1 and near 720 cm-1 are characteristic of triphenylphosphine oxide 
-1 1 complex, while bands near 1 090 em and between 705 and 710 em- are 
·characteristic of triphenylphosphine complexes. 
The infrared spectra of rhenium compounds have been examined 
and it was found that compounds containing the rhenium-oxygen double 
bond had a strong absorption in the 958- 985 cm-1 region (13 ) . In 
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complexes containing an alkoxy group, where the alkoxy was methyl, 
ethyl, methoxyethyl or benzyl, the rhenium-oxygen double bond stretch­
ing frequency was lowered to the 930-958 cm-1 region due to the 
competition of the p-electron of the oxygen atoms for the empty T29 
orbitals of the rhenium. The rhenium-oxygen single bond stretching 





The infrared spectra of all complexes were obtained as potas­
sfum bromide pellets. Preliminary infrared analysis were performed on 
a Perkin-Elmer 1 420 Ratio Recording Infrared Spectrophotometer using 
Nujol mulls. For the spectra of all compounds over the range from 
4000 cm-1 to 250 cm-1, the instrument used was a Model 52 1  Perkin­
Elmer Grating Spectrophotometer. 
Potassium bromide disks were prepared by mixing 1 . 0 to 1. 5 
mirligrams of sample with 1 50 milligrams of dry potassium bromide. 
The mixture was finely ground in an agate mortar and pressed with 
23 , 000 pounds pressure (total load) using a Perkin-Elmer Evacuable Die 
and a Carver Model B Laboratory Press. 
NUCLEAR MAGNETIC RESONANCE SPECTRA: 
The N. M. R. spectra were obtained on a Varian X L200 . Dr. James 
J .  Worman of the Department of Chemistry, University of North Dakota, 
UND Energy Research Laboratory, collected the data used in this 
thesis. 
SOURCES OF CHEMICALS: 
Ammonium Perrhenate: 
The ammonium perrhenate was used as received from the S.W. 
Shattuck Chemical Company, Denver, Colorado; and Johnson Matthey, 
Inc. , Seabrook, New Hampshire. 
Triphenylphosphine: 
The triphenylphosphine was obtained from Alfa Inorganics, 
Beverly, Massachusetts, and used as received. 
Dichloromethane: 
The dichloromethane was obtained from Fisher Scientific 
Company and was used after drying over drierite. 
Hydrochloric Acid: 
The concentrated hydrochl oric acid was used as received from 
Fisher Scientific reagent A.C. S. grade. 
Ethyl Alcohol: 
Absolute ethyl al cohol was received from Worum Chemical 




The chloroform was obtained from Fisher Scientific Company. 
The chloroform contained 0 . 75 percent ethanol as a preservative. Both 
the reagent grade and pure, dry chloroform were used for the 
experiments. Purification procedures are described on page 1 7 . 
Acetone: 
The acetone was received from Worum Chemical Company. The 
purification and drying procedure is described on page 17. 
2-Butanone: 
The 2-butanone was received from J . T .  Baker Chemical Company. 
The ·purification and drying procedure is described on page 1 8 .  
Carbon Tetrachloride: 
The carbon tetrachloride was received from Spectrum Chemical 
Mfg. Corporation and used as received. 
Hexane: 
Hexane was received from Fisher Scientific Company. The 
purification and·drying procedure is described on page 18. 
Toluene: 
Toluene was received from Worum Chemical Company. The puri­
fication procedure is described on page 1 8 . 
Diethyl Ether: 
Diethyl ether anhydrous ACS reagent grade was obtained from 
Fisher Scientific Company and used as received. 
PURIFICATION OF  SOLVENTS: 
(i ) Chloroform: 
17 
Chloroform was purified by modifying the method of Budde as 
outlined in Weissberger ( 30 ) . 500 ml chloroform was shaken vigorously 
for five minutes with 30 ml of concentrated sulfuric acid followed by 
drawing the sulfuric acid out of separatory funnel. This procedure 
was repeated three times with fresh portions of concentrated sulfuric 
acid� .After the sulfuric acid treatment, the chloroform was washed 
with dilute NaOH solution until the wash water was neutral to litmus. 
Then the chloroform was washed with water. Then it was kept in a 
brown bottle over calcium sulfate for 10 hours. Then the chloroform 
was distilled with the fraction boiling at 61.5-62°C being used for 
all reactions. It was stored over anhydrous Caso4 with a CaC12 drying 
tube at the top of the bottle. 
(ii ) Acetone: 
Acetone was dried first with calcium sulfate overnight. Then 
it was distilled, with the fraction boiling at 56-57°C being collected 
and stored over phosphorus pentoxide. 
(iii ) 2-Butanone: 
2-butanone was dried first with calcium sulfate overnight. 
Then it was distilled with the fraction boiling at 80-8 1 °C being 
collected and stored over phosphorus pentoxide. 
(iv ) Toluene: 
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Toluene was shaken for a short time with concentrated sulfuric 
acid. After treatment with concentrated sulfuric acid, the toluene 
was washed with water and distilled through a fractionation column, 
with the fraction boiling at 1 1 0- 1 1 1 °C being used for the experiments. 
( v ) Hexane: 
Hexane was shaken with concentrated sulfuric acid, then washed 
with water and distilled through a fractionation column. The fraction 
boiling at 68-69°C was stored over Caso4 and this material was used in 
the experiments. 
ANALYSES 
Carbon, hydrogen, chlorine, phosphorus analyses were performed 
by the Galbraith Laboratories Inc. and rhenium analysis were done in 
our 1 aboratory. 
Rhenium Analysis: 
The rhenium content of the compounds was determined by a 
modification of the alpha-furildioxime method described by Meloche, et 
al ( 31 ) . 
A finely ground sample weighing 1 5 -30 mg was placed in a 
micro-Bomb and 2 5  mg of sucrose was added. The bomb was shaken to 
throughly mix the sample and the sucrose, then one dipper ( 1  . 5  g ) of 
sodium peroxide was added. The bomb was sealed and shaken for one 
minute. Then the sample was fused with a sharp flame of a 
micro-burner. The fusion time was approximately 25 seconds with the 
heating continued for an additional 1 5  seconds. The bomb was cooled 
with distilled water and opened. The cap was washed with hot 
distilled water and the washings were collected in a 50 ml beaker. 
The cup was placed in the beaker and sufficient hot distilled water 
was added until the cup was nearly submerged. 
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The excess sodium peroxide was hydrolyzed and then the solu­
tion was heated for 1 5  minutes. The beaker was cooled for 1 5  minutes 
and the cup was removed with a nickel wire. The cup and watch glass 
cover were washed with hot distilled water which was added to the 
original solution. The solution was heated for 1 5  minutes and after a 
1 5  minute cooling period the contents of the beaker were placed in a 
250 ml volumetric flask. 
The tin (II ) chloride solution was prepared by dissolving 10 g 
of tin (II ) chloride dihydrate in 10 ml of concentrated HCl and 
diluting the solution to 100 ml. 
The alpha-furildioxime solution was freshly prepared by 
dissolving 0 . 0445 g of alpha-furildioxime in 13 ml of acetone shortly 
before use. 
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Seal ed Tube Reacti on s : 
Sealed tube reactions of trans-trichlorooxobis (triphenyl­
phosphine) rhen ium (V) were carried out in a tube 1 5 mm. in diame�er and 
22 em. in length. 
Reactants were mi xed and pl aced i ns i de the tube, heated to 
bo i l i ng to remove dis sol ved gases and then s ea l ed a t  point A. After 
the tube was sea l ed ,  i t  was pl aced in an  expl o s i on proof meta l  case 
and pl aced in an oven at  1 20°C fo r twenty hours . When tubes · were 
removed from the oven , coo l ed to room temperature .  The tube wa s 
opened by pl ac i n g a scra tch at B by touching the s cra tch with a red 
hot gl a s s  rod to produce a crack i n  the g l a ss . Products we re removed 
and worked up.  
Preparation of Trans-trichlorooxobis(triphenylphosphine)rhenium(V): 
Trans-trichlorooxobis (triphenylphosphine)rhenium (V) was 
prepared using a modification of the method of Chatt and Rowe (13) . 
In a 100 ml round bottom flask fitted with a reflux condenser and 
dinitrogen inlet were added 0.50 g (1.9 mmole) ammonium perrhenate, 5 
22 
ml (5 mmole) of concentrated hydrochloric acid and 20. 0 ml (0. 43 
moles) of ethyl alcohol. The ammonium perrhenate dissolved within 15 
minutes. 3. 10 g (12 mmole) of triphenylphosphine dissolved in 25. 0 ml 
of hot ethanol was added and the resultant mixture was refluxed for 
ten minutes. After a series of color changes from green to yellow, a 
yellow solid was formed. ReOC13(PPh3)2 was isolated by filtration, 
washed with hot ethanol followed by diethylether. 1. 45 g (95%) of 
yellow powder was collected. 
The 1. 45 g of yellow powder was recrystallized from methylene 




C = 51. 90%, H = 3. 61%, Re = 22. 4% 
C = 51. 54%, H = 3. 62%, Re = 22. 3% 
The infrared spectrum of trans-trichlorooxobis(triphenylphos­
phine)rhenium(V) ReOC13(PPh3)2, is given in Table (i), page 67. 
Reaction # 1 : 
REACTION OF TRANS-TRICHLOROOXOBIS(TRIPHENYLPHOSPHINE)­
RHENIUM(V) WITH REAGENT GRADE CHLOROFORM: 
a) Sealed Tube Reaction: 
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In a reaction tube trans-trichlorooxobis(triphenylphos­
phine)rhenium(V) 0. 37 g (0. 44 mmoles) was placed together with 15 ml 
(186 mmole) reagent grade chloroform. The tube was sealed and placed 
in an oven at 120°C for 20 hours. 
After cooling, the reaction vessel contained a pale green 
solid and a red-brown solution. The tube was opened and 0. 25 g (67%) 
of green solid was separated from the solution by filtration, washed 
with 10 ml of chloroform and dried. 
It was recrystallized from chloroform. 0. 15 g (40. 5%) of 




Re = 21. 05%, C = 48. 88%, H = 3. 42% 
Re = 21. 00%, C = 48. 32%, H = 3. 61% 
The infrared spectrum of this solid and the elemental analysis 
indicated the compound was tetrachlorobis(triphenylphosphineoxide) 
rhenium(IV). The infrared spectrum is given in Table (ii), Page 68. 
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The red-brown mother liquor was concentrated to ten milli­
liters and passed down an acid washed alumina column. Two distinctive 
bands, red and green, were resolved on the column. The red band moved 
down the column rapidly and the red eluate was concentrated on a 
rotary evaporator until crystallization began and the solution was 
allowed to stand overnight. Red crystals which formed on standing 
were separated by filtration, washed with acetone and dried, yielding 
0 . 05 g compound. 
Analysis: 
Theoret ica 1 Re = 21 . 84% 
Found Re = 2 1 . 42% 
The infrared spectrum and the rhenium analysis indicated the 
compound to be tetrachlorobis(triphenylphosphine)rhenium(IV} and the 
infrared spectrum is given in Table (iii}, page 69. 
The green band moved down the column slowly. The eluate was 
collected, concentrated to 5 ml, kept overnight for recrystallization. 
0 . 02 g of green solid was isolated. The infrared spectrum indicated 
it was tetrachlorobis(triphenylphosphineoxide}rhenium(IV). 
25 
b) Under Reflux Conditions: 
In a 100 ml flask fitted with reflux condenser and dinitrogen 
inlet, 0. 2 g (0. 24 nunole) of trans-trich·lorooxobis(triphenyl phos­
phine)rhenium(V) was refluxed for nine hours in 30 ml of chloroform. 
The solution, which had turned brown, was concentrated to 10 ml, and 
kept overnight. A brown solid weighting 0. 05 g (25%) was isolated by 
filtration. The infrared spectrum of this product was identical with 
that of the trans-trichlorooxobis(triphenylphosphine)rhenium(V). 
The filtrate was added to a large excess of hexane and 0. 15 g 
(75%) brown solid was isolated by filtration. The product was shown 
to be dichloro(ethoxy)oxobis(triphenylphosphine)rhenium(V) by compari­
son of the infrared spectrum of an-authentic sample prepared by the 




RHENIUM(V) WITH REAGENT GRADE CHLOROFORM AND ADDED TRIPHENYLPHOSPHINE: 
a) Sealed Tube Reaction: 
In a reaction tube trans-trichlorooxobis(triphenylphosphine) 
rhenium(V) 0. 52 g (0. 62 mmole) and triphenylphosphine 1. 0 g (3. 82 
.mmole) were placed together with 17 ml (211 rrmole) of reagent grade 
chloroform. The tube was sealed and pl aced in an oven at 120°C for 20 
hours. 
After cooling, the reaction vessel contained a pale green, 
needle-shaped solid in a red solution. The tube was opened and 0. 35 g 
(67%) green solid was isolated by filtration on a sintered glass 
fil ter, washed with cold chloroform and dried. It was recrystall ized 
from methylene chloride yielding 0. 28 g (54%) of crystalline, light 
green product. 
Analysis: 
Theoretical Re = 19. 53% 
Found Re = 19. 24% 
The infrared spectrum and rhenium analysis of this solid in­
dicated the compound was bis(methyltriphenylphosphonium)hexachloro­
rhenate(IV). The infrared spectrum is given in Table (iv), page 70. 
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The brown mother liquor was concentrated to ten milliliters 
and kept overnight for recrystallization. During this time no 
crystals appeared. The concentrated solution was passed through an 
acid washed alumina column and was resolved into red and green bands. 
The resulting red eluate was concentrated to about ten milli­
liters. It was kept overnight for recrystallization. No crystals 
appeared. Crystallization was induced by adding five milliliters of 
diethyl ether. 0. 1 g ( 19. 2 3% )  of red solid was isolated. The 
infrared spectrum of this compound indicated it was tetrachloro­
bis(triphenylphosphine)rhenium(IV). 
The green band was eluted with methylene chloride. It pro­
duced a pale green eluate from whi�h no solid was isolated. No 
further work was done with it. 
b) Under Reflux Conditions: 
In a 100 ml flask fitted with a reflux condenser_and dinitro­
gen inlet, were placed 0 . 5  g ( 0 . 60 mmole) trans-trichlorooxobis(tri­
phenylphosphine)rhenium(V), 1. 0 g ( 3. 82 mmole) triphenylphosphine and 
50 ml of reagent grade chloroform. 
The resultant mixture was heated at reflux temperature for 20 
hours. At the end of the heating period the flask contained a green 
solid and a brown solution. The green solid was recovered by filtra­
tion on sintered glass and weighed 0. 25 g ( 70% ) .  The infrared 
spectrum indicated it was unreacted starting material. 
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The brown filtrate was concentrated to a small volume on a 
rotary evaporator. The oily residue was washed with diethyl ether, 
yielding a red-brown residue. The ether washing upon concentration 
yielded 0 . 8  g triphenylphosphine. · The triphenylphosphine was identi­
fied by comparison of the infrared spectrum with an authentic sample 
and also by the melting point. 
The remaining red-brown solid, weighing 0 . 4 g, was isolated 
by filtration. The infrared spectrum indicates the compound to be 
dichloro(ethoxy)oxobis(triphenylphosphine)rhenium(V). 
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Reaction # 3 : 
REACTION OF TRANS-TRICHLOROOXOBIS ( TRIPHENYLPHOSPHINE ) ­
RHENIUM ( V ) WITH ETHANOL-FREE CHLOROFORM AND ADDED TRIPHENYLPHOSPHINE: 
a ) Sealed Tube Reaction: 
In a reaction tube trans-trichlorooxobis ( triphenylphos­
phine ) rhenium ( V ) 0 . 5  g ( 0 . 60 mmole ) and triphenylphosphine 1. 0 g ( 3 . 82 
mmole ) were placed together with 17 ml ( 211 mmole ) of ethanol-free 
chloroform. 
The tube was sealed and placed in an oven at 120°C for twenty 
hours. After cooling, the reaction tube contained a mixture of green 
and brown crystals, and a brown solution. The tube was opened and 0 . 4  
g (80% ) solid was isolated by filtration on sintered glass filter, 
washed with chloroform and dried. When the washings were added to the 
mother liquor a copious amount ( 0 . 80 g ) of white solid was formed. 
Several attempts were made to separate the green and brown 
crystals. This mixture dissolved in chloroform with decomposition.' 
This decomposition was observed by changes in the infrared spectrum. 





Re = 1 9 . 1 3% ,  C = 45 . 67% , H = 3 . 31 %  
Re = 1 9 . 1 0% ,  C = 44 . 1 1 % ,  H = 3 . 26% 
The infrared spectrum contains bands indicating the presence 




C = 68 . 02% , H = 4 . 78% , Cl = 1 2 . 95% 
C = 66 . 85% , H = 5 . 63% , Cl = 1 2 . 97%  
The infrared spectrum of the white solid obtained in all 
trials of this reaction was the same. 
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The infrared spectrum and the elemental analysis indicated the 
compound might be 
b) Under Reflux Conditions: 
In a 1 00 ml flask fitted with reflux condenser and dinitrogen 
inlet, 0 . 5 g ( 0 . 60 mmole) trans-trichlorooxobis(triphenylphosphine) 
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rhen i um ( V} ,  50 ml ethano l -free ch l oroform and 1 . 0 g tri phenyl p hosph i ne 
( 3 . 82 mmol e )  were refl uxed for twenty hours . Duri n g  t h i s t i me the 
so l ution turned brown , but a green sol i d  rema i ne d .  0 . 3 g ( 60% ) of 
green so l i d  was i so l ated  on  fi l trati on . The i nfra red s pectrum of th i s  
sol i d  was i dent i ca l wi th  tha t  o f  trans -tri c h l orooxo b i s ( tri phenyl phos ­
ph i ne ) rhen i um ( V ) .  
The fi l tra te was concentrated to 5 ml and kept o ve rn i ght . No 
crysta l s appeared . 1 0 . 0  ml o f  di ethyl ether was added to the fi l trate 
and 0�2 g ( 40% ) red so l i d  wa s i so l ated . The i nfra red s pectrum of  th i s  
product was i den ti ca l wi t h  tha t  of the tetrach l orobi s ( tri phenyl phos­
ph i ne ) rhen i um ( IV ) .  The mother l i quo r upon concentra t i on y i el ded 
tr i -phenyl phos ph i ne oxi de . The tri phenyl phos ph i ne o xi de  wa s i dent i f i ed 
by compari son of the i nfra red spectrum wi th  an a uthent i c  s ampl e and 
·a l so by the mel ti ng po i nt .  
Reacti on #4 : 
REACTI ON O F  TRANS-TRI CHLOROOXOB I S ( TRI P HENYLPHOSPH I NE ) ­
RH EN I UM ( V )  W I TH DRY ACETONE : 
a )  Sea l ed Tube React i on : 
32 
I n  a react i on tube , tran s -tri c h l orooxob i s ( tr i phenyl phos­
phi ne ) rhen i um ( V )  0 . 63 g ( 0 . 76 mmol e )  was  p l a ced  together wi th 1 5 . 0  ml 
of dry and pure acetone . The tu be wa s s ea l ed and  p l aced i n  a n  oven at 
1 20°C for twenty hou rs . After cool i ng ,  the reacti on tube conta i ned a 
green sol i d  and  a b rown so l ut i on .  The tube was opened , and  0 . 3g 
(4 7 . 6% )  green so l i d  wa s i so l ated by fi l tra ti on on  s i ntered g l a s s , 
was hed wi th  acetone and dri ed . The i nfra red spectrum o f  t he i so l a ted 
materi a l  i nd i cated i t  wa s unreac ted tran s -tri c h l o rooxobi s ( tri phenyl ­
phos ph i ne ) rhen i um( V ) . 
The fi l tra te wa s pas sed down an aci d-wa s hed a l umi na  co l umn . 
The fi l trate resol ves i n to a green band and a l i ght b l ue band . No 
further work was done wi th the l i ght bl ue so l uti on . The puri f i ed 
green so l uti on wa s concen tra ted to 5 ml and kept overn i ght for 
recrystal l i zati on . 0 . 2  g ( 3 1 . 7% )  sol i d  bl ue c rysta l s were i so l a ted .  
The i n fra red s pectrum conta i ned a b road band a t  1 690 cm- 1 i nd i cati ng  
the  presence of coo rdi nated acetone , in  add i t i on to  bands  d i a gnos t i c 
fo r coord i na ted tri p henyl p hos phi ne ox i de and rhen i um-ch l ori ne . 
Ana l ys i s  
Theoreti ca l  
Found 
Formu l a  
C = 59 . 60% , H = 4 . 46 % ,  Re = 1 6 . 1 9% 
C = 42 . 67% , H = 4 . 09% , Re = 1 5 . 84% 
The i nfrared s pectrum i s  g i ven i n  Ta bl e ( v ) ,  page 7 1 . 
b )  Under Refl ux Condi ti ons : 
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I n  a 1 00 ml fl a s k  fi tted wi th  a refl ux condenser and  d i n i tro ­
gen i n l et were p l aced 0 . 5 g ( 0 . 60 mmol e )  of  trans -tri c h l orooxobi s ( tri ­
pheny l pho s ph i ne ) rhen i um ( V )  and 45 ml of dry and pu re a cetone . Afte r 
refl uxi n g  fo r twen ty hou rs a green sol i d  and  b rown so l ut i on were 
present . 0 . 45 g ( 90% ) green sol i d  wa s recovered by fi l trati on . I t  
decompos ed when d i s so l ved i n  boi l i ng  methy l ene ch l ori de . Decompos i ­
ti on was i nd i cated by the changes i n  i nfra red s pectrum . The i nfra red 
spectrum of the crude product s u ggests the p resence o f  tr i ch l oro­
oxo ( tri phenyl p ho s ph i ne ) ( tri p henyl phosph i neoxi de ) rhen i um ( V ) .  The 
i n frared spectrum i s  g i ven i n  Ta bl e ( v i ) ,  pa ge 7 2 .  
The mother l i q uor  upon concentrati on y i el ded 0 . 05 g ( 1 0% )  of 
tri phenyl phos ph i ne o xi de .  The tri phenyl phos phi ne ox i de was i denti fi ed 
by compari son of the i n fra red s pec trum wi th an a uthent i c  samp l e and 
a l so by the mel ti n g  po i nt .  
Rea cti on #5 : 
REACTI ON O F  TRANS-TRI CHLOROOXOB I S ( TRI PH ENYLPHOS P H I NE ) ­
RHEN I UM ( V )  W I TH DRY ACETONE AND ADDED TR I PHENYLPHOSPH I NE : 
a )  Sea l ed Tube Reacti on : 
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I n  a rea ct i on tube trans -tri chl orooxo bi s ( tri phenyl pho s ­
ph i ne ) rhen i um ( V )  0 . 5  g ( 0 . 6  mmo l e )  and tri phenyl p hos p h i ne  1 . 0 g ( 3 . 82 
mmol e )  were pl aced together wi th 1 7 . 0  ml ( 2 1 1 mmol e )  o f  dry and  pure 
acetone . 
The tube was s ea l ed and p l aced i n  a n  oven at  1 20° C fo r twen ty 
hours . After coo l i n g the react i on tube conta i ned a da rk  col o red s o l i d  
and a l i ght  brown so l u ti on . The tube was opened and  0 . 45  g ( 90% ) da rk 
col o red so l i d  was i sol a ted by fi l trati on on s i ntered gl a s s , wa s hed 
wi th acetone and dri ed . I t  wa s i nsol ub l e i n  a l l common so l vents . 
- El ementa l ana l ys i s  of  th i s product was Re = 26 . 50% , C = 
41 . 50% , and H = 3 . 29% . The i nfrared s pectrum d i d not  co nta i n  a band 
i ndi ca ti ve of a rhen i um-oxygen doub l e bond . 
0 . 2 g of th i s  da rk col ored materi a l  was extracted wi t h  
methyl ene ch l ori de for ten days i n  a soxa h l et extractor .  Afte r ten 
days 0 . 1 9  da rk co l ored ma teri a l  rema i ned i n  the th i mbl e .  
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The fi l tra te upon concentrati on on  a rotary evaporator y i el ded 
1 . 09 g of tri pheny l phosph i ne . The tri phenyl phosph i ne wa s i dent i fi ed 
by compari son of the i nfrared spectrum w i th an  authent i c  sampl e a nd 
a l so by the me l ti n g  po i nt .  
Reacti on #6 : 
REACT I ON O F  TRANS-TRI CHLOROOXOBI S ( TRI PHENYLPHOSP H I NE ) ­
RHEN IUM ( V )  W I TH DRY 2 -BUTANONE : 
a )  Sea l ed Tube Reacti on : 
I n  a react i on tube 0 . 50 g ( 0 . 60 mmol e )  trans -tri c h l orooxo­
bi s ( tri phenyl phosph i ne ) rhen i um ( V )  was pl aced together wi th  1 5  ml of 
dry and pure 2-bu tanone . 
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The tube was sea l ed and p l aced i n  an oven at  1 20° C fo r twenty 
hours . After cool i ng ,  the react i on ves sel  conta i ned a green sol i d  and 
a bl ue-green sol u t i on . The tube was opened and 0 . 3 g ( 60% ) o f  green 
sol i d  was i sol ated by fi l tra ti on on s i ntered gl a s s , was hed wi t h  
chl o roform and dri ed . The i nfrared s pec trum of  th i s so l i d  i nd i cated 
that i t  was unreacted trans -tri ch l orooxo bi s ( tri phenyl pho s ph i ne ) ­
rhen i um( V ) . 
The bl ue green mother l i quo r wa s concentrated  to 5 ml and upon 
addi t i on of 20 ml of hexane , 0 . 2  g ( 24% ) l i ght green sol i d  wa s 
i sol ated . Th i s  sol i d  may be tri c h l o rooxo ( tri phenyl pho s ph i ne ) ( tri ­
phenyl phosph i neoxi de ) rhen i um ( V ) ,  a s  i ndi cated by compari s on of  i ts 
i n fra red spectrum to the i nfra red s pectrum of  an  authent i c samp l e 
prepared by the procedure of Wi l ki nson and Rou sch i a s  ( 1 9 ) . 
The fi l tra te was evaporated to dryness  on  a rota ry eva porator . 
0 . 05 g of sol i d  was i so l ated a nd i nfra red spectrum and the me l ti ng 
po i nt i ndi cated i t  to be tri phenyl phosph i ne oxi de .  
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b )  Unde r  Refl ux Condi ti ons : 
I n  a 1 00 ml fl a s k fi tted w i th a refl ux condenser  and  d i ­
n i tro gen i n l et were pl aced 0 . 5  g ( 0 . 60 mmo l e )  tran s -tri c h l orooxo ­
b i s ( tri phenyl p hosph i ne ) rhen i um ( V )  a nd 4 5  m l  o f  dry a n d  pure 
2 -bu ta none . The mi xtu re was a l l owed to refl ux for 20 hours . Afte r 
twenty hou rs , the fl a s k  conta i ned a green so l i d  i n  a b rown so l uti on . 
0 . 3 g ( 60% ) green so l i d  wa s recovered by fi l tra t i on on  s i ntered g l a s s . 
The i nfra red s pectrum of the i sol a ted so l i d  i nd i cated t hat  i t  wa s 
unreacted tra n s -tri ch l orooxobi s ( tri phenyl phosph i ne ) rhen i um ( V ) . The 
brown col ored mother l i quor wa s concentrated to 5 ml a nd kept over­
n i ght  fo r rec rysta l l i zati on .  No c rystal s appeared . Hexa n e  wa s added 
and upon s ta nd i n g , a so l i d  was obta i ned . 0 . 15 g ( 30% ) o f  green i sh 
co l ored so l i d  wa s i sol ated by fi l trat i on .  Th i s  so l i d  may be tri ­
ch l o rooxo ( tri pheny l pho s ph i ne ) ( tri phenyl phosph i neoxi de ) rhen i um ( V ) , as  
i ndi cated by compa ri son of  i ts i nfra red s pectrum to  the i nfrared 
spectrum of an authent i c  sampl e prepa red by th e procedure of Wi l k i nson 
and Rou sch i a s  ( 1 9 ) . 
The mother l i q uor  upon concentrat i on y i e l ded 0 . 05 g tri phenyl ­
phosph i ne oxi de . I t  was i denti fi ed by compa ri son of  the  i nfrared 
spectrum wi th an authent i c sampl e and a l so by the mel t i ng po i nt .  
Reacti on #7 : 
REACT I ON O F  TRANS-TRI CHLOROOXOB I S ( TRI PHENY LP HOSPH I NE ) ­
RHEN I UM ( V )  W I TH DRY 2 -BUTANONE AND ADDED TRI PH ENY LPHOSPH I NE : 
a )  Sea l ed  Tube React i on : 
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I n  a react i on tube trans -tri ch l o rooxob i s ( tri phenyl p ho s ph i ne ) ­
rhen i um ( V ) , 0 . 5  g ( 0 . 60 mmo l e )  and  1 . 0 g ( 3 . 82 mmol e )  tri p henyl pho s ­
ph i ne were pl aced together wi th 1 7  m l  dry a n d  pure 2- buta no ne . 
The tube was seal ed and p l aced i n  an  o ven at  1 20°C for twenty 
hours . After coo l i ng ,  the react i on tube conta i ned a dar k  col o red 
so l i d  w i th a l i gh t  brown mothe r l i quo r .  The tube was opened a n d  0 . 4  g 
( 80% ) da rk co l o red sol i d  was i so l ated by fi l trati on o n  s i ntered gl a s s , 
was hed wi th 2-buta none and dri ed .. I t  was i nso l ub l e i n  a l l commo n  
l abo ra tory so l vents . 
El ementa l ana l ys i s  o f  t h i s so l i .d was C = 41 . 9 1% , H = 3 . 48% , 
and Re = 26 . 50% . The i n frared s pectrum di d not co nta i n  a band 
i ndi ca ti ve of  a rhen i um-oxygen dou�l e bond . 
0 . 2 g of thi s da rk co l o red materi a l  was extracted  wi th 
methyl ene ch l ori de for ten days i n  a soxah l et extracto r .  After ten 
days 0 . 17 g da rk co l o red materi a l  rema i ned i n  the t h i mbl e .  
Ana lys i s : 
Ca l c u l ated 
Found 
Formul a 
C = 38 . 96% , H = 2 . 70% , P = 5 . 58% , Cl = 1 9 . 1 9% 
C = 39 . 60% , H = 2 . 86% , P = 5 . 1 6% ,  Cl = 1 8 . 69% 
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Th e i n frared s pectrum and the e l ementa l a na l ys i s  of  t he so l i d  
i nd i cated  the compou nd to be tri ch l oro ( tri phenyl p hosph i ne ) ­
rhen i um ( I I I ) . Due to the i n sol ub i l i ty o f  the  p roduct i n  a l l common 
sol vents , i t  i s  pro ba bl y  a pol ymeri c materi a l . 
The fi l trate upon concentrati on y i el ded 1 . 1 0 g o f  so l i d . The 
i nfrared s pectrum i ndi cated the so l i d  to be a mi xture o f  tri phenyl ­
phos ph i ne and tri p heny l p hosph i ne oxi de . 
b ) Under Refl u x  Cond i t i ons : 
I n  a 1 00 ml fl a s k  fi tted wi th refl ux  condenser and  d i n i trogen 
i n l et ,  0 . 5  g ( 0 . 60 mmo l e ) trans -tri c h l orooxobi s ( tr i phenyl p ho s ph i ne ) ­
rhen i um ( V ) , 50 ml dry 2-buta none a nd 1 . 0 g ( 3 . 82 mmo l e ) tri p henyl ­
p hos p h i ne were refl uxed for twenty hours . After twenty hours , the 
fl a s k  conta i ned a green sol i d  and a brown so l uti on . The green so l i d  
wei gh i ng 0 . 5  g ( 1 00% ) was i so l ated by fi l tra ti on  o n  s i ntered g l a s s . 
The i nfrared s pectrum of th i s sol i d  was i denti ca l w i th  tha t of trans­
tri c h l orooxobi s ( tri phenyl phosph i ne ) rhen i um ( V ) . 
Th e brown fi l trate was concentrated and kept ove rn i ght . No 
crysta l s  appeared . The mo ther l i quor upon concentra t i on y i el ded 1 . 0 g 
of  tri p henyl phosp h i ne , wh i ch  was i dent i fi ed by compa ri son o f  the 
i nfrared s pectrum wi th an authen ti c s amo l e and a l s o  by mel t i ng  poi n t .  
Reacti on #8 : 
REACTI ON OF  TRANS-TRI CHLOROOXOB I S ( TRI PHENYLPHOS P H I N E ) ­
RHEN I UM ( V ) W I TH DRY TOLU EN E : 
a ) Sea l ed Tube Reacti on : 
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In  a reacti on tube trans -tri ch l orooxob i s ( tri pheny l p ho s ph i ne ) ­
rhen i um ( V ) 0 . 5  g ( 0 . 60 mmo l e ) was p l aced together w i th 1 7  ml of  dry 
and pure tol uene . 
The tube was sea l ed and  p l aced i n  an oven a t  1 20°C fo r twenty 
hours . After cool i n g , the react i on tube conta i ned a b l a c k  so l ut i on 
and a green so l i d .  The tube was opened and 0 . 4  g (80% ) of  sol i d  wa s 
·-
i sol ated by fi l tra t i o n  on  s i ntered g l as s . 0 . 2 g o f  t h i s s o l i d  was 
bo i l ed wi th met hyl ene c h l ori de . 0 . 05 g sol i d  was i so l a ted by fi l tra ­
t i on and 0 . 1 5  g so l i d  wa s i so l ated from the mother l i quo r upon 
concentrati on . Cha n ges  i n  the i nfra red s pectrum i nd i cate the decom­
pos i t i on of the compound occurred upon di s sol uti on i n  bo i l i n g  
methyl ene chl ori de . On the ba s i s  of  the i nfrared s pectrum , the  
compound was ten ta ti ve l y  fo rmul a ted as  a coo rd i nated tri p henyl phos ­
ph i ne and tri phenyphos ph i ne oxi de compl ex  of  rhen i um .  
The mother l i quo r o n  concentrati on y i el ded 0 . 05 g tri phenyl ­
phosphi ne oxi de . The tri phenyl p hos ph i ne oxi de wa s i dent i fi ed by com­
pari son of the i nfra red s pectrum wi th an authent i c  samp l e and  a l so by 
the mel ti n g  po i nt .  
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b) Unde r  Refl ux Condi t i ons : 
I n  a 1 00 ml fl a s k  fi tted w i th a refl ux conden ser  and d i ­
n i trogen i n l et were pl aced 0 . 42 g ( 0 . 50 mmo l e )  of  t rans - tri c h l orooxo­
b i s ( tri phenyl pho s ph i ne ) rheni um ( V )  and  45  ml of dry tol uene . Upon 
refl uxi ng the to l uene s l owl y tu rned green and a fte r s evera l  hours a 
da rk col ored so l i d  depos i ted on the wa l l s  of t he fl as k .  The mi xture 
was ma i nta i ned at  refl ux fo r twen ty hours . The dark co l ored sol i d  
wei gh i ng 0 . 2  g ( 40% ) was i so l a ted  by fi l trati on on s i nte red g l a s s . 
The i nfrared s pectrum of  th i s  so l i d  i ndi cated the  compound to be 
tri ch l oro ( tri phenyl phosph i ne ) rhen i um ( I I I ) . 
The b rown fi l trate wa s concentra ted to a s ma l l vol ume i n  a 
rotary eva po rator .  The o i l y  res i d�e was wa s hed wi th  hexane yi el di ng  
0 . 1  g red-brown res i due . The hexane was h i ng  upon concentra ti on 
y i e l ded tri phenyl p ho sp h i ne oxi de . The tri phenyl phosph i ne ox i de was 
i denti fi ed by compari son of  the i nfrared s pectrum wi th  a n  a uthenti c 
sampl e and a l so  the by me l t i ng po i nt .  
The red -brown res i due was d i ssol ved i n  met hyl ene c h l ori de . · 
The sol ut i on was pas sed through ac i d-was hed a l umi na co l umn . The 
puri fi ed so l uti on on con centrat i on y i el ded 0 . 05 g so l i d . The i n fra red 
spectrum of thi s so l i d  i nd i cated i t  to be tetrach l orob i s { tri phenyl ­
phos ph i ne ) rhen i um ( I V ) .  
React i on #9 : 
REACTI ON OF TRANS-TRICHLOROOXOB I S ( TR I PHEYNLPHOSH P I NE ) ­
RH EN I UM ( V )  W I TH CARBON TETRACHLOR I DE : 
Seal ed Tube React i on : 
I n  a react i on tu be 0 . 5  g ( 0 . 60 mmol e )  tra n s -tri c h l orooxo ­
bi s ( tri p henyl phos ph i ne ) rhen i um ( V ) was pl aced together  wi th  1 7  ml of  
dry ca rbo n tetrach l ori de . The tube was sea l ed and  p l aced i n  a n  oven 
at 1 20° C fo r twenty hours . 
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After coo l i ng ,  the reac t i on tube con ta i ned a pa l e  green so l i d .  
The tube was opened and 0 . 43 g ( 0 . 48 mmol e )  g reen s o l i d wa s i s ol a ted 
by fi l tra t i o n  on s i nte red gl a s s , was hed wi th  ch l oroform and recrys ta l ­
l i zed from methyl ene c h l or i de .  
Ana lys i s  
Theoreti ca l  
Fou nd 
Re = 2 1 . 05% , C = 48 . 88% , H = 3 . 42% 
Re = 20 . 77% , C = 48 . 83% , H = 3 . 67% 
The el emen ta l  ana l ys i s  and the i nfrared s pectrum i ndi cated the 
compound wa s tetrach l o rob i s ( tri phenyl phos ph i neox i de ) rhen i um ( I V ) .  
The mo ther l i quo r on c9ncentration  yi el ded 0 . 05 g tri phenyl ­
p hosp h i ne oxi de , wh i ch  was i denti fi ed by compa ri son o f  the  i n fra red 
spectrum wi th an au thent i c  samp l e  and al so by the mel t i n g  poi n t . 
Reacti on #1 0 :  
REACTI ON O F  TRANS-TRI CHLOROOXOB I S ( TR I PHENYLPHOSPH I NE ) ­
RHEN I UM ( V ) W I TH CARBON TETRACH LOR I DE AND ADDED TRI PHENYLPHOSP H I NE : 
Sea l ed Tube Reacti on : 
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I n  a react i on tube trans -tri ch l orooxobi s ( tr i phenyl pho s ph i ne ) ­
rhen i um { V ) 0 . 5  g ( 0 . 60 mmo l e )  and  1 . 0 g ( 3 . 82 mmol e )  tri p henyl phos­
ph i ne were p l aced together wi th 1 7 . 0  m l  of dry carbon tetrac hl or i de .  
The tube was s ea l ed and p l aced i n  a n  oven a t  1 20° C for twenty 
ho urs . After coo l i ng the react i on tube conta i ned  a bri c k- red co l ored 
sol i d  and a co l orl ess  fi l trate . Tube wa s opened and 0 . 4  g ( 80 % )  
bri ck- red so l i d  wa s i so l ated by fi l trati on on  s i ntered g l a s s  funnel . 
Attempts to rec rysta l l i ze the compo und from a va ri ety o f  sol vents were 
unsucces s fu l . The i nfrared s pectrum of  th i s  compound i ndi cate d  the 
formati on of a coo rd i n ated tri phenyl phos ph i ne oxi de compl ex .  Further 
wo rk i s  needed to i denti fy the compound . 
The fi l tra te upon concentrati on y i el ded 1 . 0 g ,  of  sol i d . The 
i nfrared s pectrum i ndi cated a mi xture of tri phenyl p hos ph i ne and  
tri phenyl phos ph i ne oxi de . 
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RESULTS AND D I SCUS S I ON 
Le i th e i ser ( 22 )  and Hol m ( 23 )  have noted t he i mportance of the 
sol vent and the effect of i ts puri ty on reacti on s  of t ra n s- tri ch l oro­
oxobi s ( tri p henyl pho s ph i ne ) rhen i um ( V ) ,  ReOC1 3 ( PPh 3 ) 2 at  temperatures 
above the bo i l i n g  po i nt of the so l ven t .  However , there a re a number 
of i ncon s i stenc i es a nd c l a ri fi cati on i s  necessary .  I n  addi t i on i t  had 
been observed by Geh rke  ( 27 )  tha t when some of  the s ame reacti on s  were 
carr i ed out at  refl u x  temperature , ent i rel y di fferent react i on s  too k 
pl ace . Therefo re a sys tema t i c  s tudy wa s done wi th  a l l reacti on s  under 
sea l ed tube condi t i on s  at h i gh temperature as wel l as unde r  refl ux 
cond i t i ons  i n  dry di n i trogen for the compari son purposes . 
1 )  React i on s  of  Trans -tri ch l orooxobi s (triphenyl pho sph i ne ) rhen i um(V ) 
wi th Reagent Grade Ch l orofo rm : 
a )  Sea l ed Tube Reacti on : 
Ge hrke ( 27 ) ,  Le i thei ser ( 22 )  and  Ho l m  ( 23 )  have des cri bed the 
reacti on between rea gent grade ch l oroform a nd ReOC1 3 ( PPh 3 ) 2 . They 
found that the two produc ts fo rmed were tetrach l o rob i s ( tri phenyl phos­
phi ne ) rhen i um ( I V ) Re C1 4 ( PPh3 ) 2 and tetrach l orob i s ( tri pheny l phos ph i ne­
o xi de ) rhen i um ( I V ) , ReC1 4 ( 0PPh3 ) 2 . Tetrach l orob i s ( tri phenyl phos p h i ne­
oxi de ) rhen i um ( IV )  was the major produc t when the reacti on tempe ratu re 
was greater than 1 1 5°C and  react i on ti mes grea ter than 1 2  hours . Th i s  
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i s  the fi rst s ta bl e tri p henyl phosph i ne oxi de compl ex o f  rhen i um ( I V ) . 
Wh i l e  th i s wo rk wa s unde rway a Rus s i an group ( 32 ) reported i ts fo rma­
ti on from the h i gh temperature decompos i t i on o f  tetrach l o rob i s ( tri ­
phenyl p hosph i ne ) rhen i um ( I V ) . They gave no further i nfo rmati on a bout 
the nature of  the compou nd . 
Le i the i ser  ( 22 )  studi ed the effect of  t i me and temperature on  
the rel ati ve amounts of two products . At l owe r temperature when the 
reacti on t i me was l engthened to twel ve hou rs , the y i el d  of tetra ­
chl orobi s ( tr i phenyl pho s p h i neoxi de ) rhen i um( I V )  wa s q uant i ta t i ve .  But 
the present study ha s i nd i cated tha t there was no react i on at 1 20°C 
for e i ght hours of heati n g .  The exact cause  of  th i s  d i ffe rence i s  not 
known a nd further work i s  needed to dete rmi ne the cause o f  the 
observed di fferences . However , d i fferences in s i ze o f  the  i ron 
cyl i nder u sed mi ght be the  ca use  of the di fferences i n  res u l t .  The 
present s tudy ha s i nd i cated that 0 . 29 mmo l e  of tetrach l o robi s ( tri ­
phenyl phos ph i neo xi de ) rhen i um ( I V ) , Re C1 4 ( 0PPh 3 ) 2 was fo rmed from 0 . 44 
mmol e of  the start i ng  ma te ri a l . I f  the s ta rti n g  materi a l  i s  the onl y 
source of oxygen , then there wou l d  ha ve to be 0 . 58 mmo l e  o f  sta rt i ng 
materi a l . Th i s  suggests  tha t  there are some other sources  of  oxygen 
necessa ry to produce the tri phenyl phosph i ne oxi de requ i red for the  
formati on of  the comp l ex .  
I t  cou l d come from di s so l ved d i oxygen , wa ter o r  ethanol  
pres ent i n  the ch l orofo rm . Howeve r th i s  needs further i n vesti gati on , 
by ca rry i n g  out  these reac t i on s  u s i ng drybox ,  Sch l en k  tubes  and  vacu um 
l i ne tec h n i ques  wh i c h  wo u l d a l l ow the exc l us i on of d i oxygen . 
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b )  Unde r Refl ux Condi ti ons : 
Gehrke ( 27 )  ha s s hown tha t  prol o nged boi l i ng o f  tra ns - tri ­
chl orooxo bi s ( tri phenyl phosph i ne ) rhen i um( V )  wi th  rea gent grade ch l oro­
form res u l ts  in the format i on of  d i chl oro ( ethoxy )o xob i s ( tr i phenyl phos ­
phi ne ) rhen i um ( V )  a l ong  wi th the fo rma ti on of trace amount o f  tetra­
chl orobi s ( tri phenyl p ho sph i ne ) rheni um( I V ) and tri phenyl p hosph i ne o xi de . 
Present studi es  agree w i th these fi ndi ngs . The ethoxy g roup i s  
de ri ved from 0 . 75% ethano l p resent i n  c h l orofo rm a s  s ta b i l i zer .  The 
presence of the other p roducts  i ndi cate that the o xygen was removed 
from trans -tri ch l orooxob i s ( t ri phenyl phosph i ne ) rhen i um ( V ) .  I n  orde r 
for th i s  to occ u r  tri p henyl p hosp h i ne mus t  fi rs t be l i bera ted from the 
coordi na t i on sphere . Then a part of t h i s tri phenyl pho s p h i ne wou l d 
react wi th  the oxygen o n  the rhen i um fo rmi ng tri phenyl p ho s ph i ne oxi de 
wh i ch then bon ds w i th rhen i um.  
React ions  wh i ch ta ke p l ace a re : 
1 )  
2 )  
EtOH ReOC1 3 ( PPh3 ) 2 ) ReOC1 2 ( 0 Et ) ( P Ph3 ) 2 
PPh3 
ReOC1 3 { PPh3 ) 2 � ReC1 4 ( PPh3 ) 2 + OPPh3 CH C1 3 
I t  i s  observed tha t  w i th the ri se of temperature the reacti on 
proceeds i n  a di ffe ren t  way . Th ere is  a quant i tat i ve fo rma t i o n  of 
tetrach l orobi s ( tri p henyl phosph i ne oxi de ) rhen i um ( I V ) .  Add i t i ona l  
ch l ori ne req u i red to fo rm the product woul d ha ve t o  come from the 
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sol vent , chl oroform . The mechan i sm for the ch l ori nati on reacti on ha s 
been descri bed by Wi l k i nson a nd Rous ch i a s  ( 1 9 ) . 
2 )  Reactt on of  Trans -tri ch l orooxobi s (triphenyl phosphi ne ) rhen i um(V)  
wi th Reagent G rade Ch l oroform and Added Triphenylphosph i ne :  
S i nce tri p henyl phosph i ne d i ssoci ates from ReOC1 3 ( PPh3 ) 2 , as 
descri bed i n  reacti on lb , page 47 , it was i n terest i ng to determi ne the 
effect of addi ng  exces s tri p henyl phosph i ne .  S i nce Chatt et . a l . ( 1 2 )  
have s hown tha t one way to reduce the forma t i on of tri pheny l phos ph i ne 
oxi de comp l exes  i s  to use  an exces s  of tri phenyl phos ph i ne a l on g  wi th  
the reactant ,  we mi ght expec t a di fferent  react i on pathway from that 
seen i n  react i on la and lb . 
a )  Sea l ed Tu be React i on : 
Le i the i ser ( 22 )  a nd Hol m ( 23 ) used exces s  tri phenyl phosph i ne 
i n  an attempt to i ncrease the y i el d of tetrach l o robi s ( tri phenyl ­
phosph i ne ) rh en i um( IV ) and to see i f  di fferent products we re produced .  
I nte res ti ng l y the  reacti on y i e l ded [ PPh3Me ]2Re CL6 a s  a maj o r  product 
and ReC1 4 ( PPh3 ) 2 as a mi nor product . The re su l ts of t he p resen t  
resea rch a re i n  agreement  wi th t h e  fi ndi ngs o f  Le i thei ser  ( 22 )  a nd 
Hol m ( 23 ) .  
The i n fra red s pectrum of t h i s compound  revea l ed a d i agnost i c 
pa i r of  absorbt i on bands at 901 cm-
l and 889 cm- 1 , wh i ch a re thought 
to be caused by methyl g ro up ( 3 3 ) . Other doubl ets at  1 4 1 4  cm-1 and 
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1 327 cm- l a re the i n di cat i on of the presence of p hospho ru s -methyl 
group  i n  a p hospho ru s  compound . The band near 1 4 1 4 cm- 1 i s  a wea k 
band due to the asymmetri c mode o f  the p hos phoru s -methyl  group and the 
band at 327  cm- l i s  a s harp band of mode rate i ntens i ty d ue to 
symmetri c absorpt i on mode of the methyl group . Th us  the ev i dence 
obta i ned by i nfrared s pectroscopy i s  i n  agreement wi th t he fo rmu l at i on 
of the product a s  [ P h3 PCH3 ]2 ReC1 6 by Lei thei ser ( 22 ) and  Ho l m  ( 23 ) .  
A sea rch of  the  l i te rature was carri ed o ut i n  an attempt to 
expl a i n the mechan i sm by wh i c h the methyl group wa·s fo rmed . Tomos koz i 
et . a l . ( 1 5 )  have s hown the mechani sm of forma t i on o f  met hyl tr i phenyl ­
phosphon i um cati on from CC1 4 and  PPh3 , i n  pres ence o f  a l co hol . The 
mecha n i sm i s  s hown i n  Scheme A .  
S CH EME A 
2Ph3P+CC1 4� Ph 3PC1 2+Ph 3P=CC1 2� RCl +Ph 3P O+ [ PH3 PCH C 1 2] +Cl -
I n  add i t i on to the seri es of  reacti ons  s hown a bo ve repl acement 
of cc1 4 by bromo form , in  presence of a l cohol a l so y i e l ds the methyl ­
tri phenyl p hos p hon i um cati on . Therefo re we fee l the s ame type of  
reacti on sequence i s  appl i cab l e to reagent grade ch l o rofo rm reacti on 
wh i ch · contai n s  0 . 75% a l cohol . 
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b )  Under Refl ux  Condi t i on s : 
U nde r refl ux  con di t i on s , ReOC1 2 ( 0E t ) ( PPh3 ) 2 wa s fo rmed , wh i l e  
i n  sea l ed tube reacti on a t  h i gher temperature [ Ph3PCH3 ] 2 ReC1 6 wa s 
forme d .  Th i s di ffe ren ce i n  prod ucts w i th the d i fferences  i n  tempera-
ture i ndi cates the cata l yt i c  properti es of rhen i um compo u nds at  h i gher 
temperature . 
3 )  Reacti on of  Trans -tri chl orooxobi s (triphenyl phosph i ne ) rhen i um(V ) 
wi th Ethanol - Free Ch l oroform a nd Added Tri phenyl phosph i ne : 
S i nce etha no l  was thought to be  source o f  carbo n  and  hydrogen 
fo r the format i on of methyl grou p ,  the react i on wa s carri ed out  i n  
ethanol -free ch l oroform. The majori ty of  the p roducts  i n  th i s  re­
acti on were u n i denti fi ed by Le i thei ser ( 22 ) and  Hol m ( 23 ) .  The green 
crys ta l l i ne ma teri a l  was formu l ated by Le i thei ser ( 22 ) as d i ch l oro ­
methytri phenyl phos phon i umpen tach l oro ( tri phenyl phos ph i neoxi de ) ­
rhenate ( I V ) , [ Ph3PCHC1 2 ] [ ReC1 5Ph 3PO] . Late r Ho l m  ( 23 ) o n  the bas i s  of 
e l emental  ana l ys i s  and i nfra red s pectrum formul a ted two pos s i bl e  · 
structures fo r thi s compound . Di chl oromethyl tri phenyl pho s p hon i um­
pentachl oro ( tri phenyl phosph i neoxi de ) rhenate ( IV ) ,  [ Ph3P CHC1 2 ] ­
[ ReC1 5 Ph3 Po]  or ch l oromethyl enebi s ( tri phenyl p hosphon i um ) hexach l or­
orhena te ( I V ) , 
5 1  
Presen t wor k  h a s  s hown that the green compound was fo rmed 
a l on g  wi th a b rown crys tal l i ne compound . Th i s  compound co u l d  not be 
rec rysta l l i zed wi thout  decompo s i t i on .  Th i s  decomposi t i on wa s s ug­
ges ted by changes  in  the i nfra red s pectrum . Repeated a ttempts to 
puri fy the products by rec rysta l l i zati on techn i ques were uns ucces sfu l . 
Further s tud i es a re neces sary to deve l op a pur i fi ca t i on tech n i que .  
The i n fra red s pectrum of the green compound obta i n ed i n  the 
current study i s  the s ame as  tha t reported by Ho l m  ( 23 ) . A band at 
290 cm- 1 can be a tt ri b u ted due to rhen i um-chl o ri ne ( 34 )  a bsorpt i on . · 
East l and ( 35 )  ha s repo rted tha t th i s  band at  l ower wavel ength , com­
pared to 3 1 1 cm- 1 i s  due to [ ReC1 5L]
- an i on . Abso rbti on bands at 6 1 1 
cm-1 and 62 1 cm- l a re pos s i b l y  du� to carbon -ch l ori ne a bso rbt i ons  
( 36 ) . The  band  a t  1 1 1 0  cm- l i s  due  to  X - sen s i t i ve mode o f  coordi na ted 
tri phenyl phosp h i ne oxi de and the tri phenyl p hos phon i um sa l t ( 2 6 ) . On 
the ba s i s of the i n fra red spec t rum ana lys i s the green  compo u nd mi ght  
be fo rmu l ated a s  [ PPh 3CHC1 2 ] [ ReC1 50PPh3] .  
Another pos s i b l e  formul ati on of the green ma teri a l  can be 
ch l oromethyl eneb i s ( tri p henyl phos phon i um) hexachl ororhenate ( IV )  
[ Ph3PCHC l PPh3 ] ReC1 6 . Theoreti cal  el emental a na l ys i s  fo r t h i s produc t 
( Re 1 9 . 1 3% ,  C 45 . 67% , H 3 . 3 1 % ) gi ves better correl at ion  wi th  the 
observed res u l ts ( Re 1 9 . 1 0% ,  C 44 . 1 1 % , H 3 . 1 6% ) . In addi t i on 3 1 P NMR 
s hows one pea k at  42 . 643 ppm wh i ch i s  con s i stent  w i t h  the symmetri ca l 
[ Ph3 PCHC l PPh2 ]
2+ cat i on .  
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Moreover ,  the s ea rch for the l i terature ( 3 7 ) ha s s hown the 
pos s i bl e  pathway fo r t he formati on of chl oromethyl b i s ( tr i p heny l ­
phosphon i um )  cati on . Here the reacti on sequence o f  tri phenyl phosph i ne 
wi th ch l ori na ted so l vent , CC1 4 , i s  s hown i n  Scheme B .  
S CH EME . B 
CHC1 3 + Ph3P ( Cl ) OR 
We fee l the ch l orofo rm  reacts i n  the same way and forms 
ch l o romethyl b i s ( tr i phenyl phosphon i um )  ca ti on , [ Ph3P- CHCl - P Ph3 ]
2+ i n  
a bsence o f  a l coho l . I n  orde r to suppo rt t h i s con c l u s i on ,  the cat i on 
s hou l d be synthe s i zed by an i ndependent method and  a metathes i s  
react i on w i th Re Cl � - carri ed o u t .  I n  addi t i on further 3 1 P and 1 3c . NMR 
stud i e s  mus t  be carr i ed out . 
Wh i te Powde r :  
Another mater i a l  fo rmed by the react i on between ethanol - free 
chl orofo rm ,  trans -tri ch l o rooxob i s ( tr i phenyl phosph i ne ) rhen i um( V )  and 
added tri phenyl phos p h i ne was a whi te powder�  
Le i the i ser  ( 22 )  formul ated thi s compound to be [ Ph 3PCHC1 2 ] cl . 
Th i s  formu l at i on has  bec ome su spect ba sed upon recent 31 P NMR data . 
Hol m  ( 23 )  fo rmu l ated th i s compou nd to be
. 
[ Ph3P -CH2 - P Ph3 ] cl 2H20 .  But 
the el ementa l a na lys i s  d i d not enti rel y  fi t th i s  fo rmu l a t i on .  
Presen t stud i es  have i nd i cated t he forma t i on o f  the  same 
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compound becau se the i nfra red s pectrum was i dent i ca l . A band  at 1 1 1 0 
cm- 1 wi th  a s ho u l de r at  1 1 04 cm- l adds further evi dence to the i dea 
that the ma teri a l  i s  a phosphon i um sa l t .  The bands at 3420 cm- 1 and 
3480 cm- 1 cou l d be accounted fo r by water present  i n  the s amp l e .  
L i te rature s ea rc h  ( 1 4 )  have s hown another poss i bl e  formu l at i on 
of the whi te compound  to be 
theoreti ca l l y  ( C  68 . 02% ,  H 4 . 78% , Cl 1 2 . 95% ) wh i l e  experi menta l l y we 
fo und C 66 . 85% , H 5 . 36% , Cl 1 2 . 9 7% . Further work i s  req u i red to ma ke 
a more pos i t i ve i denti fi cat i on of the compoun d .  
4 )  Reacti on o f  Trans -tri c h l o rooxobi s ( tri phenyl phosph i ne ) rhen i um(V)  
wi th Carbon Tetrach l ori de : 
Sea l ed Tube React i on : 
We next turned our  atten ti on to another ch l ori n a ted s o l vent , 
ca rbon tetrach l ori de .  I nte resti ng ly  tetrachl orob i s ( tri p henyl p hos­
ph i neoxi de ) rhen i um ( I V )  was  the  maj or product . 
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0 . 6  mmo l e sta rti ng  materi a l  can form 0 . 48 mmol e  tetrach l oro­
bi s ( tri p henyl p ho s p h i neoxi de ) rhen i um ( I V ) .  Here we get a n  80% y i e l d of 
product compared to a 50% y i el d  o f  p roduct i n  ca se  of c h l orofo rm .  
Here the add i t i ona l  c h l ori ne requ i red for the  forma t i o n  of the com­
pound comes from the sol vent  ca rbon tetrach l or i de .  Th i s  may i ndi cate 
that carbo n  tetrach l o ri de i s  a better ch l ori nati ng  a gent  than 
chl orofo rm . 
Wh en tri phenyl phosph i ne was added  to the systems an un i dent i ­
fi ed rhen i um conta i n i n g compou nd was formed , a l ong w i t h  a mi xture of 
tri phenyl p hos ph i ne and t ri phenyl phosph i ne ox ide . The i n fra red 
s pectrum i nd i cates tha t the rhen i um conta i n i ng compound  i s  a tri ­
phenyl p hos p h i ne oxi de comp l e x .  Fu rther wo rk i s  needed fo r t h e  puri ­
fi cati on and defi n i te formu l ati on of the compound .  
5 )  React i on  o f  Tra n s -tri ch l oroo xob i s { tri phenyl phosph i ne ) rhen i um{V ) 
wi th  Dry Tol uene : 
I t  became appa rent that the ro l e  of the so l vent i s  i mportant 
in  the react i ons  of  tra n s -tri ch l o rooxobi s { tri p henyl p ho s p h i ne ) ­
rheni um ( V ) ,  s i nce i t  produces a vari ety o f  novel products i n  the 
sea l ed tube and  refl ux react i on s . Therefo re the present s tudi es were 
extended to nonhal ogenated sol vents . To l uene was se l ected fi rst .  
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a ) Sea l ed Tube Reacti on : 
I n  s ea l ed tube reac ti ons  trans -tri ch l orooxob i s ( tri p henyl phos­
ph i ne ) rhen i um ( V ) wi th  tol uene produces a coordi nated tr i ph enyl phos­
ph i ne and  tri pheny l phosph i ne oxi de compl e x  of rhen i um a l ong wi th trace 
amount of tri phenyl phos ph i ne oxi de .  The comp l ex d i s soci a tes upon 
di sso l uti on i n  bo i l i n g  methyl ene ch l ori de . Th i s  d i ssoc i at i on was 
observed by the changes  i n  i nfra red s pec trum o f  the  compound i so l a ted 
from the methy l ene c hori de . The i nfra red s pectrum o f  the  product 
befo re di sso l uti on i n  methyl ene ch l o ri de ,  s hows no bands i n  the 
900- 1 000 cm- 1 re gi on wh i ch i nd i cates the a bsence of  a Re=O bond . The 
P- sens i t i ve regi on s  i nd i cate the p res ence of tri phenyl p hos ph i ne  and 
tri phenyl phosph i ne oxi de comp l ex �nd band at  3 1 5 cm- 1 and 350 cm- 1 
i nd i cates  the p resence of  rhen i um-ch l ori ne bond trans  i n  o ctahedra l  
comp l e xes . 
S i nce i t  was d i ffi cu l t to puri fy the compo u nd , a ten tat i ve 
formu l ati on wa s based on the i nfra red s pectrum . Ana l ys i s  of the 
d i agnosti c reg i ons  s uggest  a coordi na ted tri phenyl p hosph i ne and 
tri phenyl phosph i ne oxi de comp l ex of rhen i um ,  wh i ch does _ not conta i n a 
Re=O bon d . Here a t  h i gh tempe rature tri phenyl p hosph i ne d i s soc i ates 
from the coo rd i nati on sp here wh i ch t hen a bs tracts oxygen from rhen i um 
formi ng  tri phenyl phosph i ne oxi de , wh i ch then comp l exes  to the rhen i um .  
b ) Under Refl ux Condi ti on s : 
The same react i on was carr i ed out  unde r  refl ux  cond i t i ons  wi th 
a green compou nd bei n g  formed . I nfra red s pectrum i nd i cates  the 
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absence of the s trong ba nds at 985 cm-l wh i ch i s  due to the absence of 
Re=O bond . Part of the compound wa s extracted w i th  methyl ene ch l ori de 
i n  a soxa h l et extractor . The i nfrared s pectrum appears to be un­
changed before a nd a fter extracti on . Howeve r the e l emental  ana l ys i s 
fo r ca rbon and hydrogen does ·  cha nge i nd i cati ng that a n  i mpur i ty ha s 
been removed .  
On the ba s i s o f  the i n frared spec trum and the e l ementa l 
ana l ys i s , the compound was tentati ve ly  formul ated· as  tri ch l orotri ­
phenyl p hos ph i nerheni um ( I I I ) .  The mate ri a l  i s  i nso l ubl e i n  a l l common 
sol vents , so  i t  i s  proba b l y  pol ymeri c .  Cotton et a l  ( 29 )  have ma de a 
s i mi l ar observa ti on and on  the bas i s  of the x- ray s tructure of the 
re l ated tri ch l orod i ethyl pheny l phosph i nerhen i um ( I I I )  comp l ex ,  they 
propose a di meri c formu l ati on . Other mi nor prod ucts were tri p henyl ­
phos ph i ne oxi de and tetrach l orobi stri pheny l phosph i nerhen i um ( I V ) .  
I n  th i s  reacti on di fferent produc ts were formed i n  sea l ed tube 
reacti on and under  refl ux  cond i t i ons . Under refl ux  cond i t i ons tr i ­
phenyl phos ph i ne i s  d i s soci ated from the compound whi ch  then abs tracts 
oxygen from rhen i um formi ng tr i phenyl phosph i ne oxi de .  I n  the sea l ed 
tube reacti on th i s  tr i phenyl phosphi ne oxi de unde rgo l i gand d i s p l ace­
ment react i on formi ng the tri phenyl phosph i ne and tri phenyl phosph i ne 
oxi de comp l ex .  
Then we  turned our  attenti on to the  oxygena ted s o l vents . We 
ran exper i ments wi th ketones , acetone and 2 -bu tanone . 
6 )  React ion  o f  Tra n s -tri ch l orooxobi s {triphenylpho sph i ne ) rhen i um( V )  
wi th  Dry Acetone : 
a )  Sea l ed Tube Reacti on : 
Le i the i s er ( 22 )  ha s reported tha t thi s reacti on  p roduced 
di c h l orotri s ( tri phenyl phosp h i neoxi de ) acetonerhen i um ( I I ) .  Th i s  
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compound wa s i so l a ted , a fte r t he concentrated mother l i q uo r wa s 
a l l owed to s tand abo u t  two weeks , as l arge dark b l ue ,  crys ta l s wh i ch 
exhi bi ted a carbonyl band  i n  the i nfrared s pectrum . Repea ted attempts 
by Ho l m  ( 23 )  to reproduce th i s  compound were unsuc cessfu l . 
The present work ha s i nd i ca�ed that when the mother  l i quor was 
-
passed through an aci d wa s hed a l umi na co l umn , concentra ted and  kept 
overn i ght ,  a da rk bl ue  c rysta l l i ne compou nd cou l d be i so l a ted . The 
i nfrared  s pectrum i s  i n  agreement wi th  the i n fra red s pectrum o f  the 
compound i so l ated by Le i the i ser ( 22 ) �  
Here a b road band at 1 690 cm- l i ndi cates t ha t  the acetone wa s 
coordi nated th rough the ca r�onyl  group . The i nfra red s pectrum a l so 
su ggests  the p resence of tri phenyl phos ph i ne oxi de compl e x .  
El ementa l a na l ys i s  have s hown that the compound  conta i n s  C 
42 . 67% , H 4 . 09% , Re 1 5 . 84% , wh i l e  the des i red e l ementa l a na lys i s fo r 
Le i thei ser • s ( 22 )  formul at i on [ ReC1 2 ( 0PPh3 ) 3 . c3H6o] i s  c 59 . 60% ,  H 
4 . 46% , Re 1 6 . 1 9% .  Further work i s  needed to determi ne the  reasons fo r 
these apparen t di screpa nc i es and to i denti fy the compound  wh i ch has 
been i sol ated . 
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b )  Under Refl ux Cond i ti ons : 
Under re fl u x  cond i ti ons i n  acetone a pa l e green compound i s  
produced a l ong  wi th  trace amount of tri phenyl p ho s ph i ne oxi de . Th e 
i nfrared spectrum of  th i s  s o l i d s howed a s trong band a t  985 cm- 1 wh i ch 
i s  ass i gned to the Re=O stretch and bands at 1 1 1 9  cm- 1 and 1 064 cm- l 
i nd i cati ng the pres ence of coordi nated tri phenyl pho s ph i neoxi de and 
tri phenyl phosph i ne .  Thus  o n  the bas i s of  the i n formati on obta i ned on 
i nfrared s pectrum and by compari ng i t  wi th an authent i c s ampl e ,  the 
compound was tenta ti ve l y  i dent i fi ed as  tri ch l orooxo ( tri phenyl phos ­
ph i ne ) ( tr i phenyl phos ph i neoxi de ) rhen i um ( V ) .  
The tr i phenyl phosph i ne oxi de group i n  th i s  comp l ex  i s  l a b i l e  
and i s  ea s i l y  rep l aced by another -1 i gand ( 1 9 ) . Equ i mol a r  quant i t i es 
of thi s compl ex  a nd tri pheny l phosph i ne reacts rap i d l y  and  quanti ta ­
ti ve l y  to fo rm tran s -tri ch l orooxob i s ( tri phenyl p hosph i ne ) rheni um ( V ) .  
So when the re fl ux reacti on  was ca rri ed out i n  presence of added 
tri phenyl p hosph i ne ,  there wa s no reacti on or the s ta rti n g  mate ri a l  was 
reformed . 
7 )  Reacti on of Trans -tri ch l orooxobi s ( tri phenyl phosph i ne )rheni um(V )  
wi th Dry Acetone and Added Triphenyl phosph i ne :  
Tri ch l orooxob i s ( tri p henyl phosph i ne ) rhen i um ( V )  wi th acetone and 
added  tri p heny l phosph i ne under sea l ed tube condi ti ons p roduces tri ­
c h l o rotri pheny l phosph i nerhen i um ( I I I ) a l ong wi th a mi xture of  tri ­
phenyl phosph i ne and tri phenyl p hos phi ne oxi de . The same work-up  
2 
I 
procedu re a s  descr i bed on page 55 , was fol l owed i n  the p res ent ca s e .  
The res u l ts of both  wo rk -u ps were t h e  same .  
8 )  React ion  o f  Trans -tri ch l o rooxobi s (triphenyl phosph i ne ) rhen i um(V ) 
wi th 2-Buta none : 
a )  Sea l ed Tube Reacti on : 
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The reacti on of  trans -tri ch l orooxob i s ( tri pheny l phosphi ne )  
rh en i um ( V )  w i th 2-butanone wa s one o f  the s eri es o f  react i ons  des i gned 
to show how the so l vent affects the course of the react i on .  I n  seal ed 
tube rea ct i on ,  Lei thei ser ( 22 )  ha s reported tha t  the react ion  produced 
tri ch l orotri phenyl phosph i neoxi de rhen i um( I I I ) .  Hol m ( 23 )  reported tha t  
t h e  formati on of the compound tri ch l orotri phenyl pho s ph i neoxi de­
rhen i um ( I I I )  was dependent on  the puri ty of  the so l vent . Further 
studi es by Ho l m  ( 23 )  i nd i cated the fo rmat ion of tri ch l orotri phenyl ­
phosph i neoxi de rhen i um ( I I I ) .  
P resent stud i es i ndi cate the format ion o f  a b l ue compou nd 
al ong wi t h  unreacted s ta rti n g  ma teri al . The i nfrared spectrum of  th i s  
compound exh i b i ts two strong bands , one a t  1 445 cm- 1 and  a second at  
1 458 cm- 1 wh i ch are not  due  to  coord i nated tri phenyl phos ph i ne .  The 
i nfrared spectrum of th i s compound was i dent i ca l  w i th that obta i ned by · 
Ho l m  ( 23 ) .  Further stud i es are requi red for t he defi n i te i de nt i fi ­
cat i on of th i s  compound . 
2 
I 
b )  Under Refl ux Condi t ions : 
Unde r refl ux  condi ti ons 2-butanone produced a l i ght green 
compound a l on g  wi th  trace amount of tri phenyl phosph i ne o xi de . 
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A strong ban d  at  985 cm- l i ndi cates  the presen ce o f  Re=O 
s tretch and P- sens i t i ve vi brat ion  at 1 1 1 9  cm-
1 a nd 1 064 cm- 1 i nd i cates  
the  presence of  coord i nated tri phenyl phosphi ne oxi de . The P- sen s i t i ve 
v i brati on at  1 090 cm-1 i nd i cates the p resence of coord i nated tri -
. phenyl p hos ph i ne . 
Thus on  the ba s i s  of the i nformat i on obta i ned from the 
i nfrared s pectrum and  by compa ri n g  i t  wi th an  authent i c sampl e ,  the 
compound wa s i den t i fi ed a s  tri chl o rooxo ( tri phenyl p ho sph i ne ) ( tr i phenyl ­
phosph i neoxi de ) rhen i um ( V ) . The tri phenyl phos ph i ne o xi de p resen t  i n  
th i s  comp l ex i s  l ab i l e  a nd i s  eas i l y rep l aced by another l i gand ( 1 9 ) . 
Eq u i mo l a r  quant i t i es of th i s  compl ex and t ri phenyl phosph i ne reacts 
rap i dl y  and quanti tati vely to fo rm tri ch l o rooxobi s ( tri phenyl pho s ­
ph i ne ) rhen i um ( V ) . S o  when the refl u x  reac t i on wa s ca rri ed o u t  i n  
presence of added tri phenyl phosphi ne , e i ther no reacti on too k pl ace or  
the sta rti n g  materi a l  wa s refo rmed from tri ch l orooxo ) ( tri phenyl phos­
ph i ne ) ( tri phenyl phos phi ne oxi de ) rhen i um { V ) .  
9 )  Reacti on o f  Trans -tri c h l o rooxo b i s (tri phenyl phosph i ne ) rhen i um(V ) 
wi th  2-Bu ta none and Added Triphenyl phosph i ne :  
Sea l ed Tu be React i on : 
I n  sea l ed tube reaction  ReOC 1 3 ( PPh3 ) 2 wi th  2- outanone produces 
a po lymeri c compound of tri ch l o rotri pheny l phos ph i nerhen i um ( I I I )  a l ong 
wi th a mi xtu re of tri phenyl p hosphi ne and tri phenyl phos ph i ne oxi de . 
The i nfrared s pectrum of the green materi a l  s hows the a bsence of 
s trong bond at 985 cm- 1 , i nd i cati ng  the a bsence of  Re= O  bond . The 
same work-up procedure as de scri bed on page 55 wa s fo l l owed i n  the 
present case . The resu l ts of  bo th work-ups were the s ame . The 
compound , ba sed on the i nfra red s pectrum and e l ementa l a na l ys i s i s  
thought to be tri ch l o rotri phenyl phos phi ne rhen i um ( I I I ) .  Ba sed on the 
wo rk of Cotton et al ( 29 )  i t  i s  proba bly a d i me r .  





COMP I LAT I ON OF REACTIONS 
l . ( a ) Trans - ReOC1 3 ( PP h3 ) 2 + Reagent g rade CHC1 3 
S . T .  at  1 20°C 
______ ,._.. ReC1 4 ( 0P Ph3 ) 2 + ReC1 4 ( P Ph3 ) 2 20 hours 
l . ( b )  Trans - ReOC1 3 ( PPh3 ) 2 + Reagent grade CHC1 3 
Refl u x ,  N2 ------�:. ReOC1 3 ( P Ph3 ) 2 + Re0 ( 0 Et ) Cl 2 ( PP h3 ) 2 + 20 hours 
ReC1 4 ( P Ph 3 ) 2 + OPPh3 
2 . ( a )  Trans - ReOC1 3 ( PPh3 ) 2 + Reagent grade CHC1 3 + P Ph3 
0 S .  T .  at 1 20 C 
------� [ P Ph 3Me] 2 ReC1 6 + ReC1 4 ( PPh3 ) 2 20 hours 
2 . ( b )  Trans - ReOC1 3 ( PPh3 ) 2 + . Reagent G rade CHC1 3 + P Ph 3 
Refl u x , N2 
------� ReOC1 3 ( PP h3 ) 2 + Re0 ( 0Et ) C1 2 ( PPh3 ) 2 + 20 hou rs 
Un i denti fi ed P roduct 
3 . ( a )  Trans - ReOC1 3 ( PPh3 ) 2 + CHC1 3 + P Ph3 
S . T . at 1 20°C 
-------� Brown crysta l s  + [ Ph3P CHC1 P Ph3 ] ReC1 6 + 20 hours 




Refl u x , N2 -------�> ReOC1 3 ( PPh3 ) 2 + ReC 1 4 ( 0PPh3 ) 2 + 20 hours 
ReC1 4 ( PPh3 ) 2 + P Ph3 + OP Ph 3 
4 . ( a ) Trans - ReOC1 3 ( PPh3 ) 2 + C3H60 
S . T .  at  1 20°C 
----------� ReC1 2 ( 0PPh3 ) 2
. c3H60 + ReOC1 3 ( PPh3 ) 2 + 20 hours  
U n i dent i fi ed P roduct 
4 . ( b ) Trans - ReOC1 3 ( PP h3 ) 2 + C3H60 
Refl u x ,  N2 ____ ___;;:,_ __ �') ReOC1 3 ( PPh3 ) ( 0PPh3 ) + OPPh 3 20 hours  
20 ho u rs 
5 . ( b )  Trans - ReOC1 3 ( PPh3 ) 2 + C3H60 
+ P Ph3 
Refl u x , N2 
_______ ____, N .  R .  
20 hours 
6 . ( a ) Tran s - ReOC1 3 ( PPh3 ) 2 + c4H80 
S . T . at 1 20°C 
--------. ReOC1 3 ( PPh3 ) 2 + ReOC1 3 { PPh3 ) { 0PPh3 ) + 20 hours 
OPPh 3 
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6 . ( a ) Trans -ReOC1 3 ( PPh3 ) 2 + c4H8 0 
Refl u x ,  N2 ---------....;�� Re0Cl 3 ( PPh3 ) ( OPPh3 ) + OPPh3 20 hou rs 
7 . { a ) Trans - ReOC1 3 { PP h3 ) 2 + c4H80 + PPh3 
S .  T .  at  1 20° C 
-------.-;,..� ( ReC1 3PPh3 ) n + OPPh 3 + PPh3 20 hou rs 
7 . ( b )  Trans - ReOC1 3 { PP h3 ) 2 + c4H80 + P Ph3 
Refl ux , N2 --------'">� N .  R .  
20 hours 
8 . ( a ) Tran s - ReOC1 3 { PPh3 ) + Tol uene 
S . T . at 1 20°C 
--------�� ReCl ( x ) PPh3 (y ) OPPh3 ( z )  + OPPh3 
20 hours 
8 . ( b ) Trans - ReOC1 3 ( PPh3 ) 2 + Tol uene 
Refl ux , N2 --------'>� ( ReC1 3P Ph3 ) n + Re C1 4 ( PPh 3 ) 2 + OPPh3 20 hou rs 
9 .  Trans - ReOC 1 3 ( PPh3 ) 2 + CC1 4 
S . T . at 1 20°C 
--------":)� ReC1 4 ( 0PPh3 ) 2 + OPPh 3 20 hours 
1 0 .  Trans - ReOC1 3 ( P Ph 3 ) 2 + CC1 4 + PPh3 
S . T . at 1 20°C 






Th i s  re sea rch  i l l u strates the comp l exi ty of the reacti ons of 
ReOC1 3 ( PPh 3 ) 2 under s ea l ed tube condi t i on s  at e l eva ted tempe ratures 
and s ugges ts the need for further i nvest i gati ons  i nto the beha v i o r  of 
tran s i t i on metal comp l exes  used as  homogeneous cata l ysts . I t  po i nts 
out the i mportance of unde rstand i n g the natu re of the i nteracti on 
between terti a ry phos ph i ne s  sol vents and i mpur i ti es presen t  i n  the 
sol vents . The d i fference between refl ux temperatu re reacti ons  and 
sea l ed tube reac ti ons ca rr i ed out at 1 20°C has been observed . 
The i nabi l i ty to compl etely characteri ze a n umbe r  of  comp l exes 
conta i n i ng tri phenyl p hosph i neoxi de s uggests that o th er meta l s ,  s uch  as 
mo l ybdenum , whi ch  have greater hard aci d character  s hou l d be exami ned .  
Fi na l l y ,  the reacti ons  of  other te rti ary phos ph i ne l i gands s uc h  a s  
d i ethyl phenyl phos ph i ne s houl d b e  i nvesti gated to l ea rn more about the 
ro l e  pl ayed by the ba s i c i ty of the l i gand on the cours e o f  the 
reacti on . 
APP EN D I X  
The i nfrared a bsorpti on spectra a re gi ven i n  t h e  fo l l owi ng 
Ta bl es . Al l the s pectra are from pota s s i um bromi de wa fe rs . The 
re l ati ve i nten s i ti es a re gi ven as  fo l l ows : 
vw - very wea k 
w - wea k 
m - med i um 
s - strong 
vs - very stron g 
s hl d .  - s hou l de r 
The potas s i um bromi de used i n  obta i n i ng the s pectra s howed 
bands at 3435 cm- 1 and 1 630 cm-l whi ch  are p roba b l y  due to the 
presence of wa ter . 
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Tabl e ( i ) 
I nfra red Abso rpti on Maxi ma for Trans -tri c h l o rooxo-
b i s ( tri p henyl pho s ph i ne ) rhen i um ( V ) .  
Frequency ( cm- 1 ) I nten s i ty Frequency ( cm- 1 ) I ntens i ty 
3060 vw 969 m 
1 900 vw 920 w 
1 800 w 7 70 vw 
1 580 w 746 s h l d .  
1 479 s 739 vs  
1 438 vs 700 s h l d .  
1 43 1  s h l d .  685 vs 
1 380 w ( broad ) 6 1 1 w 
1 1 81  w 537 vs 
1 1 57 w 509 s 
1 089 vs 500 s 
1 066 s h l d .  452 m 
1 022 w 429 w 
995 m 41 8 s h l d .  
98 1 vs 3 1 0  s 
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Tab 1 e ( i i )  
I nfra red Abso rpti on Maxi ma for Tetrac h 1 orob i s ( t ri pheny1 -
pho s ph i neoxi de ) rhen i um ( IV ) .  
Frequency ( cm- 1 ) I nten s i ty Frequency ( cm- 1 ) I nten s i ty 
3030 m 1 040 s 
29 1 0 m 1 0 1 0  s 
1 980 vw 920 vw 
1 9 1 0  w 885 w 
1 780 w 7 70 s h 1 d .  
1 770 vw 7 52 m 
1 600 s 745 s 
1 495 s 72 1  vs  
1 445 vs 685 vs  
1 350 w ( broad ) 61 0 w 
1 320 m 552 s 
1 3 1 0 m 535  vs 
1 1 80 s h 1 d .  452 m 
1 1 56 s h 1 d .  44 1 m 
1 1 1 5  vs 435  m 





Tab l e ( i i i ) 
I nfrared Absorpti on Max i ma fo r Tetrach 1 oro b i s ( tri phenyl -
phosph i ne ) rhen i um ( I V ) .  
Frequency ( cm-1 ) I nten s i ty Frequency ( cm- 1 ) I ntens i ty 
3060 w 969 vw 
1 960 vw 91 9 vw 
1 81 0  vw 845 vw 
1 482 s 770 s h l  d .  
1 433  vs  743 s 
1 390 vw 725  s h 1 d .  
1 335 s h1 d .  700 s h 1 d .  
1 31 5  w 690 vs 
1 1 88 m 6 1 2 w 
1 1 58 w 539 vs 
1 1 32 vw 509 m 
1 1 1 8 vw 498 s h 1 d .  
1 089 s 45 1  m 
1 070 s h 1 d .  308 s 
998 m 
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Tabl e ( i v )  
I nfra red Ab sorpti on Max i ma o f  B i s ( methyl tri phenyl phos -
p ho ni um ) hexac h 1 o rorhena te ( I V ) . 
Frequency ( cm- 1 ) I nten s i ty Frequency ( cm- 1 ) I nte ns i ty 
3030 w 9 1 0 vs  
3000 w 890 vs 
2909 w 784 m 
1 583 w 7 50 s h 1 d .  
1 500 s h 1 d .  7 39 vs 
1 480 m 720 s 
1 445  vs 690 vs 
1 390 w 520 s h1 d .  
1 335 m 505 vs  
1320 m 480 s h 1 d .  
1 300 s h 1 d .  440 w 
1 1 85 w 390 vw 
1 1 70 w 295 vs 




7 1  
Tabl e ( v ) 
I nfra red Ab so rpt i on Max i ma for Di ch l o rotri s ( tr i pheny1 phos -
ph i neox i de ) ac etone rhen i um ( I I ) .  
Frequency ( cm- 1 ) I nten s i ty Frequency ( cm- 1 ) I ntens i ty 
3030 vw 1 084 m 
1 730 s 1 065  s h 1 d .  
1 620  w 1 022 w 
1 582  w 1 005 s 
1 480 m 756 s 
1 450 s 729 vs  
1 432 vs 689 vs 
1 320 vw 548 m 
1 230 vw 538 s h 1 d .  
1 1 80 s h 1 d .  460 vw 
1 1 45 vs 3 50 s h1 d .  
1 1 1 5  vs 3 34 s 
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Tab l e ( v i ) 
I nfra red Abso rpti on Maxi ma for Tri ch 1 orooxo ( tri phenyl p hos p h i ne ) ( tri -
pheny 1 phosph i neoxi de ) rhen i um ( V ) .  
Frequency (cm-1 ) I ntens i ty Frequency ( cm- 1 ) I ntens i ty 
3030 m 997 m 
1 900 vw 962 vs 
1 81 0  vw 871  w 
1 591 w 752 s h 1 d .  
1 570 s h l d .  739 v s  
1 48 1  s 7 1 7 s 
1 434 vs 702 s h 1 d .  
1 390 vw 688 vs 
1 320 s hl d .  6 1 1 w 
1 31 7  w 560 vs 
1 2 70 vw 520 vs  
1 1 58 sh 1 d .  51 0 s h l d .  
1 1 40 s 492 s 
1 1 20 s 460 s h 1 d .  
1 090 s 450 vw 
1 070 s h 1 d .  420 w 
1 030 w 320 s 
) 
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